VOLUME LX NUMBER 9 WHOLE 533 


= 
DECEMBER 1 ee 


School Science and Mathematics 


A Journal for All Science and Mathematics Teachers 


All matter for publication, including books for review, should be addressed to the editor. 
Payments and all matter relating to subscriptions, change of address, etc. should be sent to 
the business manager. 

Second-class postage paid at Menasha, Wisconsin and at additional mailing offices. Published 
Monthly except July, August and September at Curtis Reed Plaza, Menasha, Wis. PRICE: 
Six dollars a year; foreign countries $6.50; current single copies 75 cents. 
Contents of previous issues may be found in the Educational Index to Periodicals. 
Copyright 1960, by the Central Association of Science and Mathematics Teachers, Inc. 
Printed in the United States of America 


GEORGE G. MALLINSON JACQUELINE MALLINSON LUTHER SHETLER 
Editor Assistant Editor Business Manager 
Western Michigan University Kalamazoo, Mich. P.O. Box 108, Bluffton, Ohio 
Kalamazoo, Mich 


Editorial Offices: 535 Kendall Avenue, Kalamazoo, Mich. 


DEPARTMENTAL EDITORS 
Brotocy—Viola Hendrikson MaTHEMATICS—Alice M. Hach 
York High School, Elmhurst, Ill Racine Public Schools 
Racine Wis. 
Cuemistry—Gerald Osborn in B 
Western Michigan University, Kalamazoo, Mich. lowa 


Cedar Falls Iowa 
ConsERVATION—Howard H. Michaud Cecil B. Read 
fi 
University of Wichita, Wichita, Kan. 
ELEMENTARY SctENcCE—Milton O. Pella MATHEMATICS ProBLeMS—Margaret F. Willerding 
The University of Wisconsin, Madison, Wis. San Diego State College, San Diego, Cals. 
Puysics—J. Bryce Lockwood 


GENERAL Sctence—Hanor A. Webb Highland Park Junior College 
245 Blue Hills Dr., Nashville, Tenn. Highland Park, Mich. 


Kodachrome lantern slides of 


Chicago Natural History Museum 
Exhibits 


Turtox has published a new illustrated catalog of the 
natural color lantern slides of the biological exhibits of 


the Chicago Natural History Museum. 


Your free copy will be forwarded upon request. 


? GENERAL BIOLOGICAL SUPPLY HOUSE 
TU RTS. Incorporated 
8200 SOUTH HOYNE AVENUE 
CHICAGO 20, ILLINOIS 


The Sign of the Turtox Pledges Absolute Satisfaction 
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OBJECTIVE: 


Mathematics texts for today . . . 
with tomorrow in mind. 


CONCLUSION: 
GEOMETRY 


By Howarb F. FEHR AND WALTER H. CARNAHAN 


A new geometry, designed for college-bound students 

who have had elementary algebra. The book presents the 
standard Euclidean plane geometry from a contemporary point 
of view with integrated topics in coordinate and solid 
geometry. Provision is made for individual differences in 
ability so that the more able student has ample 

stimulation and challenge and the slower student sufficient 
practice work. 


ESSENTIAL MATHEMATICS SERIES, 
Second Edition 


Book 1: Mathematics at Work 
Book 2: Mathematics in Life 


By HowAkD F. FEHR AND VERYL SCHULT 


A remarkable success in its first edition, ESSENTIAL 
MATHEMATICS now enters a second edition. Modern termi- 
nology and topics such as systems of numeration are included in 
the new edition with a reduction in the amount of consumer 
mathematics. In both books, arithmetic alternates with 
measurement and geometry—new experiences, new thinking in 
arithmetic on the seventh and eighth grade levels. 


GEOMETRY and ESSENTIAL MATHEMATICS SERIES 
will be available early in 1961—watch for them. 


0. C. HEATH AND COMPANY 
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The book that made it possible 


EARTH SCIENCE 
THE WORLD WE LIVE IN 
Namowitz and Stone 1960 edition 


The Namowitz and Stone text is the book 
that made possible the explosive growth of 
earth science courses throughout the country. 
“Packed with factual data’ (The Mineralo- 
gist), “easy to read” (Gems and Minerals), 
“copiously and beautifully illustrated” (New 
York State Education), the text is readily 
adaptable to many different curriculums. If 
you haven't already examined it, by all means 
stop in at our exhibit. 


BIOLOGY 


A BASIC SCIENCE 
Heiss and Lape 
1961 edition 


Thoroughly up to date and effectively illus- 
trated, this popular text now includes excit- 
ing new chapters on the special problems 
posed by space travel and nuclear radiation. 
The new chapters further emphasize the text’s 
fresh outlook. Using the problem approach, 
the authors teach the basic facts, concepts, 
and principles of biology as a vital force in 
the students’ daily lives. 


continental 
Classroom 


INTRODUCTION TO 
MODERN ALGEBRA 


Kelley 1960 


Written specifically to accompany Professor 
Kelley’s Continental Classroom course, this 
text is an exciting departure in the teaching 
of college algebra. Concerned primarily with 
concepts rather than drill, Professor Kelley 
builds the course around two- and three-di- 
mensional vector spaces. Chapters deal with 
Axioms for Numbers, Sets and Numbers, Vec- 
tors and Lines, Inner Products, The Complex 
Plane, Vector Geometry, Matrix Algebra. 


PD). Van Nostrand Company, Inc. 


120 Alexander St., Princeton, N. J. 
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The unique and indispensable 


tHe Book POPULAR 


is massively revised 


2/3 OF ALL ENTRIES NEW SINCE 1955 
3,000 NEW ILLUSTRATIONS IN LAST 5 YEARS 


NEW ARTICLES Every article af- 


fected by the explosion of scientific knowledge has been revised 
— this has meant important changes on more than three thou- 
sand pages...vital new material in existing articles. 


NEW CHAPTERS From radio- 


isotope-fueled thermoelectric generators and modern astronom- 
ical observatories to the natural gas industry and experiments 
in mechanics, new chapters on timely subjects and revisions 
of existing subjects bring the 1960 edition to a new high of 
accuracy and readability. 


NEW AUTHORS 1 soox or 
POPULAR SCIENCE has always called on the most prominent 
authorities to write for its pages: men such as W. W. Bauer, 
Willy Ley, Willard F. Libby, R. Marlin Perkins, Fred L. 
Whipple, Keith E. Bullen, Theodore Koppanyi, M. Stanley 
Livingston, and James A. Oliver. 


NEW ILLUSTRATIONS 


New full-color and black-and-white photographs, drawings, 


_ flow charts and diagrams make the 1960 edition an irresistible 


visual invitation to learning. 


N EW M A K E U P Eye-catching designs 


keynote the beginnings of new articles; modern type makes 
headings and caption material crisp and inviting; smart new 
layout patterns have been adopted. 


vy 3X The Book of Popular Science is double- 
starred in the AAAS Science Book List—and quali- 
fies for purchase under Title Ill NDEA. 


The -purpose| 


Published by The Grolier Society Inc., 575 — sie New York 22,N. Y. 
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science teaching aid! 


SCIENCE 


and up-dated! 


With giant steps, THE BOOK OF POPULAR SCIENCE has kept 
: abreast of the fantastic growth of scientific knowledge: 
In the last few years, half the set has been entirely rewritten. These 
massive revisions in THE BOOK OF POPULAR SCIENCE bring 
it to today’s school—to today’s library—as a unique, essential 
and absolutely dependable work. 
A stimulating introduction to all the important fields of 
science, this great, continuously revised teaching tool leads the 
young reader in logical learning progression through every 
science—always from the general to the more difficult. 
THE BOOK OF POPULAR SCIENCE is 
unsurpassed enrichment material — invaluable in 
planning and executing group science projects 
and science related activities. And, as a special 
teaching aid, the bibliography, Selected 
Readings in Science, describes books 
that explore further every subject 
discussed in the set. 
More than ever, THE BOOK OF 
POPULAR SCIENCE fulfills its 
traditional role as the only general = 
science reading and reference series suitable for 
upper elementary, junior and senior high school use. 
10 VOLUMES « 4,464 PAGES « 5,000 ILLUSTRATIONS 


science reference work 


Publishers of The Book of Knowledge 
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NO OTHER Electrostatic Generator 
Provides ANY 
Of these Features 


@ Universal Motor Drive, designed 
for operation on 110-volt A.C., 
or 110-volt D.C. 


@ Electronic Safety Valve, to pro- 
tect the motor against a random 
high-voltage surge. 


Removable Discharge Ball, which 
the demonstrator may use as a 
wand. 


Flat Top Discharge Terminal 
(with built-in jack) to receive 
various electrostatic accessories. 


Endless Charge-Carrying Belt, of 
pure latex, which may 4 driven 
at high speed without “bump- 
ing.” 

ALL of the foregoing features are 
standard equipment in CamboscO 
Genatron No. 61-705. 


CAMBOSCO GENATRON 61-705 


In addition, CamboscO Genatron 
No. 61-708 incorporates a built- 
in speed control, to facilitate 
demonstrations requiring less 
than maximum voltage. 


The Output, of either model of 
the CamboscO Genatron, ranges 
from a guaranteed minimum of 
250,000 volts to a maximum, un- 
der ideal conditions, of 400,000 
volts. Yet, because the current is 
measured in microamperes, and 
the discharge duration is a matter 
of microseconds, no hazard what- 
ever is involved for operator or 
observer. 


@ May we tell you more? 


CAMBOSCO SCIENTIFIC CO. 


37 ANTWERP ST. @ BRIGHTON STATION 
BOSTON, MASS., U.S.A. CAMBOSCO GENATRON 61-708 
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“CLASSMASTER™ 


Radio-Activity Demonstrator 
For showing the Basic Principles of Radioactivity 


No. 2156 


Equally effective for class demonstrations by the teacher and for 
laboratory experiments by the students. 


Elementary experiments to stimulate interest of beginners and more 
involved procedures to challenge the advanced students are clearly pre- 
sented in the detailed instruction booklet. 


NO. 2156 RADIOACTIVITY DEMONSTRATOR, "Classmaster" com- 
plete and ready for use. It operates on 115 volts, 50 or 60 cycle A.C. 
Each, $194.50 


WRITE FOR COMPLETE BROCHURE 


W. M. Welch Scientific Company 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
Established 1880 


1515 Sedgwick St. Dept. S Chicago 10, Ill. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 
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A Tribute—To Ray and Eleanor Soliday 


It is usually true that an organization such as ours prospers and 
grows because of the tireless efforts of a few devoted people who work 
tirelessly at its very heart. Elected officers serve their terms and are 
succeeded by others. Only a few remain in more permanent positions 
of great responsibility to carry on the thousand and one duties which 
must go on year after year. 

For the past 18 years, the Central Association of Science and Math- 
ematics Teachers has relied upon the Solidays—a loyal and devoted 
husband and wife team. Since Ray Soliday assumed the office of 
Treasurer-Business Manager 18 years ago, he has seen the Association 
grow from a relatively small group of science and mathematics 
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teachers, largely from the Central States, to a thriving organization 
extending over much of the nation in membership, scope, and influ- 
ence. As the Association has grown, so have the responsibilities of his 
office. A few years ago, the office and storage requirements of Associa- 
tion business outgrew one Soliday home and have been rapidly crowd- 
ing their more spacious quarters. In recent years, the responsibilities 
of Treasurer-Business Manager of the Association have weighed 
heavily on the Solidays. Reluctantly, Ray requested that his service 
and activity in the Association be of a less strenuous and confining 
nature than that of Treasurer-Business Manager. 

While we expect to see much of the Solidays in Central Association 
functions in the years to come, this tribute is a fitting place to tell our 
members more about the lives of this remarkable team in the nature 
of biographical information, supplied by their daughter, Linda, and 
son, Tim. 

Ray Soliday was born August 11, 1901 on a farm near Windsor, 
Illinois—a farm which he manages today. After graduation from 
Blackburn Academy in 1920, he attended Eureka College, where he 
received his B.S. degree in Chemistry. Additional study at the Uni- 
versity of Illinois earned him another B.S. degree. Following graduate 
study at Columbia University, he was granted the M.A. degree in 
1927. His study continued at the University of Chicago and North- 
western University. 

His long and distinguished teaching career began in a small high 
school in Westervelt, Illinois, where he taught Biology, General 
Science, Mathematics, and History. He then went to Arcola, then to 
Freeport High School. In 1930, he came to Oak Park-River Forest 
High School as a teacher of Chemistry, a position he now occupies. 

A recent edition of ‘Tabula,’ the Oak Park High School Yearbook, 
was dedicated to Ray Soliday with this fitting inscription, ‘Mr. 
Soliday’s dedication to science and his devotion to young people and 
to preparing them for the future has certainly made his influence one 
of ‘those things that are best,’ ”’ the latter being the theme of the 
Yearbook. 

In addition to his teaching responsibilities, Ray Soliday has main- 
tained active partcipation in a variety of activities. He was active in 
the United States Army over 25 years until his retirement from the 
Reserve Corps as a Lt. Colonel. Much of his army service concerned 
Chemical Warfare in which he worked in the Army Chemical School 
at Edgewood Arsenal, Maryland. Several summers were spent at the 
Navy Damage Control School at Treasure Island, California. 

Current activities include work at The Argonne National Labora- 
tories, where he has been writing a high-school textbook on nuclear 
energy. 
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He has long assumed an active role in the First Congregational 
Church of Oak Park, where he has sung in the choir and served on 
governing boards. His community services include work on the Traffic 
Safety Commission and vice-presidency of the River Forest Tennis 
Club. 

On June 24, 1932, Ray married Eleanor Selby. Ray and Eleanor 
have two children; a daughter, Linda, 21, a senior at Monmouth 
College, and a son, Tim, who is 13 and in the eighth grade. 

The eldest of six children, Eleanor Selby was born in Green County, 
Indiana, November 2, 1908. After living in several towns in Illionois, 
the Selby family settled in Mt. Morris, Illinois, where Eleanor at- 
tended Mt. Morris College. She then moved to Freeport, where her 
father served as Superintendent of Schools. Later, she came to 
Chicago, where she was a social worker and later taught the third 
grade at Longfeilow School. Her many community services include 
membership in the West Surburban Hospital Auxiliary and the In- 
fant Welfare Society. 

Those in Central Association will long remember her smile and 
friendly greeting at the Convention registration desk, alongside her 
amiable husband, Ray. 

To Ray and Eleanor Soliday, we say thank you for your years of 
devoted service. It is with deepest appreciation that CASMT dedi- 
cates to you, this December 1960 issue of ScHooL SCIENCE AND 
MATHEMATICS. 

James H. Otto 
President, CASMT 


NEW AGENT PRESERVES BLOOD FOR USE AFTER THIRTY DAYS 


The problem of preserving whole blood for use when needed was considerably 
eased today with the announcement that a recently developed preservative can 
keep enough red blood ceils alive to permit safe and effective blood transfusions 
with blood 30 days old. 

Dr. John G. Gibson II, associate in medicine at Peter Bent Brigham Hospital, 
Harvard Medical School, said clinical tests showed the preparation can be 
safely stored in routine hospital blood bank practice up to 30 days after collec- 
tion. The preservative, Citrate-Phosphate-Dextrose, was developed at Harvard 
Medical School in 1956. 

Dr. Gibson said the School’s laboratories have now used the preservative 
to store blood from 27 to 32 days with an average red blood cell survival of 
75%. The accepted safe minimum survival of red blood cells for transfusion is 
70%. 

Earlier this year Peter Bent Brigham Hospital used CPD-preserved blood in 
open heart surgery. No harmful reactions were recorded. 

The red blood cells’ ability to remain in circulation and function normally 
after transfusion has been confirmed by tagging the cells with radioactive chro- 
mium. 
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IT DEPENDS UPON THE CLASS !—Suggested Core and 
Enriched Materials for the Study of Machines in 
Elementary School Science 


Pearl Astrid Nelson 


Assistant Professor in Elementary School Science, 
School of Education, Boston University 


It is the writer’s belief that there is no actual grade placement for 
topics or areas in Elementary School Science. However, it is generally 
acknowledged that whether large blocks of work are covered, unit- 
method, or whether particular principles are studied inductively or 
deductively, certain understandings are better acquired at certain 
maturation levels. Thus it is often true that primary grade children 
have no particular reason to know the operation of atomic reactors 
or the principles of light incidence, while upper grade boys and girls 
may be ready for certain understandings in these fields. Although 
during these post-Sputnik years we have cried for more and better 
science teaching starting in the grades, there is a danger that we may 
force knowledge upon children for which they have little need or use 
at this time in their lives. 

It is for the reason of reaching toward some standards that the 
following suggestion in the area of Machines have been made. It is 
well to keep in mind that minimum essentials are not maximum pos- 
sibilities; however, the classroom teacher will agree that the teaching 
possibilities always depend upon the type of class she is working 
with in a particular year. A second grade teacher may moan, ‘““My 
second grade this year cannot begin to do the scientific thinking and 
to approach problem-solving the way that my last year’s class did!”’ 
Thus it is that often a class of fifth graders may do science work for 
the year on a much lower level than that of the third grade in the 
next room. 

It is unfortunate that too often the teacher is blamed for the “low 
level” of science work at which the children work. Those of us in the 
field of education know that the good teacher accepts the boys and 
girls where they are academically. Needless to say, there are often 
days of extreme frustration arid discouragement for the teacher who 
inherits a slow-moving group—especially if she sees in adjoining lower 
grades the very types of work. she would like to be engaged in with 
her class! 

The materials offered here represent some of the basic understand- 
ing which the Elementary School Science teacher may wish to offer 
to her class. The reader will notice that there are twenty-five sug- 
gested understandings offered for use at about any level of the Ele- 
mentary School. The fifteen understandings which follow may be 
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used for either enriching the program at the Primary Grade level, or 
for the further understanding of Machines at the Upper Grade level. 
It depends upon the class! 

Machines are everywhere around us and definitely a part of the 
child’s environment whether he lives in a land of tractors and cream 
separators, or high-rise construction. The multiple ramps and roads 
which wind around hills, as well as the bolts which hold automobiles 
together as they travel on these highways are all examples of ma- 
chines. Belts, chains, pencil sharpeners and elevators. These are the 
reasons for studying Machines in the science class in the Elementary 
School. 


MACHINES: BAsic UNDERSTANDINGS FOR THE ELEMENTARY GRADES 


. Ball bearings, if well oiled, reduce friction in machines. 


Enrichment for Elementary Science 671 


A machine is a device that helps us to do work with less expenditure of 
muscular force. Nearly all machines are combinations of two machines: the 
lever, and the inclined plane. 


. The inclined plane, the wedge, the lever, the screw and the pulley are all 


types of simple machines. 


. Friction is the resistance encountered when one body slides past another. 


The rougher the surface, the greater the friction. 


. Wheels help move people and things; they change sliding friction to rolling 


friction. 


. Sometimes friction and gravity work together. 
. Heat may be the result of friction. 
. Lubrication changes sliding-friction to fluid-friction. 


A motor is a complex machine. Motors are energy transformers. 


. Most energy, directly or indirectly comes to us as light from the sun. Much 


of this energy is not available to man, and so—is lost. 


. Machines may be used for both work and play. 
. Machines must be used carefully. 
. An inclined plane is a man-made hill. It makes it easier to move a heavy load 


to a higher place. Roads have many inclined planes on them. 


. Friction is not always harmful; it helps us to move forward; it helps belts 


to turn pulleys. The braking of a car requires friction. 


. When we use up energy we become tired; then we can use motors to help us. 
. A spring does work for us. We wind up the spring of a clock or a top or a 


window shade and release the spring. This spring does the work for us. 


. We can harness the energy of the wind and running water and make it work 


for us. 


. Man gets his energy from food. 
. A lever helps us to lift, to pull, to pry and to twist or move things. It rotates 


about a point of support which is called the fulcrum. The closer the load is 
to the fulcrum, the less amount of force is needed for moving the load. 


. Common levers are hammers, pliers and screw drivers. 
. A fixed pulley is a wheel which does not move. It is usually used to change 


the direction of a force. Fixed pulleys pull but do not push. 


. A movable pulley is attached to a load. It helps us to use a smaller force to 


move the load. Different sized pulleys and wheels are used to increase speed 
and force. 


. A block and tackle are two or more pulleys which work together. 
3. A large wheel and a smaller wheel when fastened to the same axle are called 


a “‘Wheel and Axle Machine.” A wheel and axle can also be used to gain force. 


. A wedge is used to pry something apart. A knife, an axe and a needle are 


wedges. A screw is a spiral wedge. 
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SUGGESTION FOR FURTHER ENRICHMENT AND UNDERSTANDINGS 


Man’s body is an assortment of many machines. 

2. Machines make work easier by doing three things: (1) increasing the speed 

of doing work; (2) increasing the force; (3) changing the direction of the 

force. 

Air under pressure in machines helps us do work. 

Modern machines make man’s work easier. 

Although man uses food for his fuel, machine fuel can be coal, oil and natural 

gas. Fuels contain potential energy; potential energy is changed into kinetic 

energy by motors. 

6. Fuels must be mixed with oxygen before they can be used to supply energy 

to engines. The oxygen in our air is used by gasoline, jet and diesel engines, 

but rockets must carry their own supply of oxygen. 

Part of the energy of moving or falling water is delivered to a turbine to 

generate electricity or to run machinery. 

8. Steam is released on a turbine which turns machinery or generators. 

9. In automobile motors, the gasoline vapor is mixed with the air. A piston 
compresses the air and gasoline mixture in a cylinder and an electric spark 
fires it. The gases expand and the piston is pushed down which transfers the 
energy to the crank shaft. This makes the rotary motion. 

10. There are great quantities of energy in the atom. In most atomic reactors, 
the chain reaction is slowed down purposely to heat water which generates 
the steam to run a turbine and electric generator. 

11. In an airplane, the propeller pulls the plane forward so that air will flow over 
the wings until the excess pressure on the under surface is sufficient to lift 
the plane into the air. 

12. A jet plane does not have a propeller. It gets its forward thrust by the push 
backward of the expanded hot air and burned gases. 

13. Helicopters have rotating wings which are driven by a motor. These moving 
wings push downward on the air when the pilot wants to go up. 

14. Streamlined objects go through air and water more easily than objects 
which are not streamlined. 

15. For every action or force there is an equal and opposite force or action. 
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NEW TOOL DEVELOPED FOR THERMONUCLEAR RESEARCH 


A new tool expected to be of great value in research aimed at eventual control 
of the hydrogen bomb’s fusion reactions for peaceful power has been developed 
by three University of Illinois scientists. 

They report that the so-called spin energy resonance techniques may be “‘of 
value as a diagnostic tool in high-energy plasma research.”’ Plasma is the name 
given to a gas that has nearly equal numbers of ions and electrons but is elec- 
trically neutral as a whole. 

Making a plasma “9 through fusion is being tried in controlled thermonu- 
clear research. Drs. T. C. Marshall, R. A. Kawcyn and L. Goldstein developed 
the nuclear and bri spin resonance method to detect shifts in a magnetic 
field. A magnetic field is believed to be the best “container” for the extremely 
hot plasma undergoing fusion. 


MOON MAPS FOR LANDING SITES MADE FOR ARMY ENGINEERS 


Three maps to be used for selecting landing sites on the moon have been 
drawn by the Department of Interior’s Geological Survey. They indicate the 
moon’s surface is softer and less craggy than was once thought. 

The maps and a table, produced for the U. S. Army Engineers, represent the 
first known photogeologic study of the moon. They will alse be used as an aid 
in designing telemetering instruments and a lunar surface vehicle. 
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The Nature of Centrifugal Force 


Catharine M. Bergen 
Jersey City State College, Jersey City, N. J. 


It has come to my attention recently, both in the writings of physi- 
cists and science educators and from the lecture platform, that there 
is considerable controversy about the use of the term centrifugal force. 
Rather, it is the objection to the term force in this connection that 
is being voiced, but since the term is still widely used, I assume that 
the subject is a controversial one. That there is nothing new about 
such a controversy will be evident to any reader who will consult an 
old edition of the Encylcopaedia Britannica such as the 9th edition 
published in 1890. P. G. Tait of the University of Edinburgh has 
stated in the Mechanics section: 


“But the student cannot be too early warned of the dangerous error into which 
so many have fallen, who have supposed that a mass has a tendency to fly out- 
wards from a centre about which it is revolving, and therefore exerts a ‘centrifugal 
force,’ which requires to be balanced by a ‘centripetal force.’ The centripetal 
force is required if the path is to be curved; it is required for the purpose of 
producing the curvature and not because there is any tendency to fly out from 
the centre.” 
Mr. Tait seems not to have explained his reason for thinking 
that this error is so dangerous. 

Although one hardly expects to find technical scientific definitions 
ideally stated in the ordinary dictionaries of the English language, 
it is interesting to note in passing that Webster’s New Collegiate 
Dictionary of 1953 defines centrifugal and centripetal forces as 
separate entities and in a corresponding manner. Centrifugal force 
is defined as: 

“That force which tends to impel a thing, or parts of a thing, outward from a 
center of rotation.” 
The reader is no doubt familiar with the arguments against the 
use of the term in question. It can be demonstrated quite convincingly 
that in the universe of everyday experience, centrifugal force is 
nothing but a tendency for a body held in curved motion to go off 
on a tangent by virtue of its inertia. Hence it is said by some not to 
be a force at all and by others to be a fictitious force or a fictitious 
type of force. (The Coriolis force comes under the same category as 
the centrifugal force in this respect.) There is no doubt of the dis- 
tinctions between the centrifugal force and, let us say, the centripetal 
force under these circumstances. The centripetal force is often re- 
ferred to as a real force. 


1 Encyclopaedia Britannica, 9th edition, Vol. XV, p. 682. 
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Two important questions, however, seem to be worthy of considera- 
tion. Are we sure that the centrifugal and Coriolis forces should be 
considered fictitious, to the extent of not being called forces at all, 
since they can each be made to appear as terms in a useful equation? 
And what is perhaps more significant. Can we be sure that all other 
forces are not equally fictitious under suitable circumstances? It is 
toward these questions that I wish to make a few statements con- 
cerning the development of the force concepts in physics. 

It seems to me that the historical changes in force concepts consti- 
tute both a problem in epistemology and a problem in semantics. 
That the semantic aspect is important in the advancement of physical 
theory should be evident. It has been clearly stated by Korzybski: 

“The abundance of geniuses among younger physicists, since the Einsteinian 
structural revolution and semantic release, is also an important empirical evi- 


dence that different man-made verbal systems can stimulate or hamper the 
functioning of the human nervous system.” 


Are we not accustomed to terms in equations which need to be 
used in arriving at solutions but whose physical counterparts are 
not quite established? Indeed our system of quantum mechanics, 
itself, has come into being at the expense of having overlooked an 
exactness as to what is real and what is fictitious. 

Epistemologically the whole structure of dynamics for both me- 
chanical and electromagnetic phenomena has of course been related 
to the various ideas of force. Epistemology, however, deals with the 
concepts and their changes but not with the reality or the existence 
of the entities which they describe. As we discuss the force concepts 
we shall be working with epistemology. Those who deplore any use 
at all of the term centrifugal force, (and some do), would seem to be 
jumping from epistemology into ontology under unwarrented circum- 
stances. As Berdyaev has put it: 

“Thinkers who devote themselves to epistemology seldom arrive at ontology. 
The path they follow is not one which leads to reality ... Man... has lost 


access to reality and been reduced to studying knowledge ... But one cannot 
arrive at being—one can only start with it.” 


It is altogether possible that theoretical physics goes back to an 
earlier date than that of Aristotle but because of insufficient infor- 
mation we must start with him. In his Book Lambda of the Meta- 
physics he discusses the nature of what he calls the “eternal mover” 
which he considers to be the eternal and prior cause of the motions 
of the stars and the planets. He treats the eternal mover as a type of 
force although in the following passage‘ one is almost convinced that 


? Korzybski, Alfred, Science and Sanity (International Non-Aristotelian Library Publishing Company, 3rd 
edition, 1948), p. 18 
3 Berdyaev, Nicolas, The Destiny of Man (The Centenary Press, London, 1937), p. 3. 
* McKeon, Richard, Introduction to Aristotle (Modern Library, New York, 1947), p. 287. 
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he thinks bodies moving purely by inertia travel in circles rather than 
straight lines as was supposed by Newton. 


“.. there are other spatial movements—those of the planets—which are 
eternal (for a body which moves in a circle is eternal and unresting .. . ), each 
of these movements also must be caused by a substance both unmoveable in 
itself and eternal.” 


Aristotle thought of the universe as divided into two parts—the outer 
celestial region where bodies move eternally along circles at con- 
stant curvilinear speed and the region including the earth and sur- 
rounding space outward to the distance of the moon where motion 
is rectilinear and not eternal. He wrote: 


“‘Sublunar bodies do not move if they are in their natural places; if they are 
removed from those places they tend to return to them along a straight line.” 


This tendency to return to natural places led him to expect that 
heavy bodies will move downward and light bodies will move upward. 
Aristotle sometimes referred to this vertical rectilinear motion as a 
natural falling motion and also referred to horizontal rectilinear mo- 
tion as violent motion.® 

Aristotle made quantitative statements about force and motion. 
He concluded from his observations, which could not have been very 
precise, that the speed of a body is proportional to the force pushing 
or pulling it and inversely proportional to the resistance of the me- 
dium.’ 

Apparently he never thought of motion except through some re- 
sisting medium. In fact nature never abhored a vacuum to such an 
extent as did Aristotle. 

Changes in these concepts were slow to occur until about the time 
of Galileo and Newton. We note that Huyghens thought of gravity 
as a tendency to fall and centrifugal force as a tendency for a body 
attached to a revolving wheel to advance outward along the radius.*® 
Thus he seems to have grouped the two forces into a single category. 
The distinction we make between a genuine force (such as gravity) 
and a tendency (such as centrifugal force) had not been clarified 
despite the fact that the substance of Newton’s ist law of motion 
had been expressed by Galileo. 

The 2nd law of motion, however, is definitely a contribution of 
Newton’s in that he clarified and universalized the proportionality 
between motive force and acceleration. No longer was the force 
taken as proportional to the speed.* Despite his knowledge of the 


5 Sarton, George, A History of Science (Harvard University Press, Cambridge, Mass., 1952), p. 516. 
® Dugas, René, A History of Mechanics (Central Book Company, New York, 1955), p. 22. 

7 Sarton, op. cit., p. 517. 

5 Dugas, op. cit., p. 194-195 

® Sarton, of. cit., p. 517. 
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connection between forces and accelerations, Newton’s concepts of 
force seem poorly organized to us. He referred to inertia as itself a 
force, calling it in the Latin in which he wrote, vis insita.’° His vis 
impressa is what we would call a real force and was the force capable 
of changing the state of motion of a body. Unfortunately he put 
centripetal force, “‘that by which bodies are drawn or tend towards 
a point as a centre,” into a third force category’® when he might 
better have included it with the vis impressa. Newton failed to see 
that his 2nd law of motion might be taken as a definition of force 
but preferred to regard mass and force as two primarily distinct 
notions." 

If now we bring ourselves to date on force concepts, we can well 
select the definitions from two recognized authoritative sources. In 
the Handbook of Physics and Chemistry, we find the following defini- 
tion 

‘‘Force—That which changes the state of rest or motion in matter, measured 
by the rate of change of momentum.” 

The statement about centrifugal force in this Handbook is given only 
under the heading of centripetal force which is defined as: 

“The force required to keep a moving mass in a circular path. Centrifugai 
force is the name given to the reaction against centripetal force.” 

In the American Institute of Physics Handbook, the force definition 
is as follows: 

“‘Force—The force acting on a particle is assumed as the cause of the accelera- 
tion of the particle. 


F = d/dt(mv)" 


The Handbook goes on to say that the concept of force may be 
extended to finite distributions of matter and not simply to particles. 
It includes the expression wx(wxr) as centrifugal force and 2wxv as 
Coriolis force where w is the angular velocity of moving axes of the 
reference system, 7 is the position vector of the particle with respect 
to the moving axes, and 2 is the apparent velocity of the particle 
with respect to the moving axes. In the Handbook it is also true that 
the centrifugal and Coriolis forces are referred to as inertial forces 
and that these are called the apparent forces which represent the 
difference between the Newtonian forces and the ma due to the non- 
inertial system relative to the inertial system. Obviously the A meri- 
can Institute of Physics Handbook is precise and perfectly safe. It 


10 Dugas, op. cil., p. 202 

Jbid., p. 203 

12 Handbook of Physics and Chemistry (Chemical Rubber Publishing Company, 37th edition, 1955). 
1% American Institute of Physics Handbook (McGraw-Hill, New York, 1957). 
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is safe in that it has used the word assumed in the definition of force. 
Although Newton was probably not conscious of it, forces were 
assumed to explain accelerations and, in the last resort, they can 
be measured only by measuring accelerations or the stoppage of 
accelerations. 

We can make the force concepts still more clear by utilizing modern 
equations of mathematical physics. An equation representing the 2nd 
law of motion was given above as: 


F ~ (mv) 
= —(m 


Where change of mass can be neglected because of low speed this is 
equivalent to: 


F=ma 


and when Newton referred to a change in momentum he meant 
nothing more than ma. 

In the event that it is not desirable to use rectangular coordinates, 
however, we must make further changes. Curvilinear motion is 
frequently, in fact usually, dealt with in polar coordinates. Here it is 
convenient to treat the motion as though inertia were connected with 
curvilinear rather than rectilinear motion. (This is strictly epistemo- 
logical—not in the least ontological.) As a result of such a treat- 
ment of inertia, centrifugal force comes into the equation in some- 
what the form of a force. In fact a common form of differential 
equation can be written in which the forces are expressed as three 
separate terms: 

1. The so-called fictitious forces attributed to inertial tendencies. 

2. The gravitational and electric and magnetic forces which are related to 

potential energies and hence often referred to as forces derivable from a 


potential. 
3. Externally applied forces such as friction, tension in a rope, etc. 


There is no question but that centrifugal force is an inertial tend- 
ency. The question is whether such tendencies have enough in com- 
mon with forces to be classified with them. To my way of thinking 
they do. The problem can be simplified by considering the inertial 
tendency of a flat object to slide forward on the floor of a bus which 
has suddenly stopped. Here the acceleration of the flat object is 
clearly a result of its motion being taken with respect to an acceler- 
ated frame of reference (the bus). We are reminded that an ac- 
celerated frame of reference may be approximately equivalent to a 
field of force. Are we yet prepared to say what the possibility of such 
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equivalencies ought to do to the meaning we wish to ascribe to the 
world force? 

In the general relativity theory, space-time curvature may be 
used to express a force such as gravity. Although Einstein used the 
presence of masses to account for such curvatures, there are theo- 
retical universes in which the curvature is an intrinsic aspect of space- 
time itself. It would seem conceivable that eventually space-time 
configuration might be used as an explanation for any force derivable 
from a potential. Does this mean that a force like gravitation will be 
considered “‘fictitious’’? If so, may not all forces come to be considered 
as possibly of a fictitious nature? 

The development of our concepts of forces is still in process. The 
author wishes to recommend for the present at least that we not dis- 
card the term centrifugal force as a force but limit our criticism to a 
discussion of its nature. This means that we make our discussions 
epistemological exercises and dodge the ontological problem implied 
in the terms “real” and “‘fictitious.”” Considerable clarification of the 
three types of forces listed above can be made without using such 
terms. From a purely epistemological point of view it can also be said 
that the fictitiousness of centrifugal force certainly is contingent upon 
the validity of Newton’s Ist law of motion. Unfortunately this law 


is not quite subject to proof. It is true that from such laws physicists 
have developed a dynamics which is consistent with itself. Let us 
remember, however, that consistency is a necessary condition in 
epistemology but that it is far from being a sufficient condition in 
ontology. 


MASTODON BONE DRAWINGS BELIEVED 30,000 YEARS OLD 


A mastodon pelvic bone with what look like drawings of now extinct animals 
scratched on its surface may push back man’s known existence in the Americas 
to as much as 30,000 years ago. 

The bone was found in the valley of Puebla, southeast of Mexico City, by 
Dr. Juan Armenta Camacho, anthropologist at the University of Puebla, Mexico. 
From preliminary tests on the bone, Dr. Armenta believes it to be more than 
30,000 years old. 

Previously, the earliest well established date for man in America is in the 
neighborhood of 10,000 years. Some finds have been made that were believed to 
be older but evidence has always been lacking that would pin down the date to 
the satisfaction of scientists. 

Dr. Armenta has submitted several specimens from among his finds to Dr. 
James B. Griffin of the University of Michigan’s Museum of Anthropology for 
dating with the radiocarbon method. 


Extension of a Triangle Theorem 


D. Moody Bailey 
Route 4, Box 175, Princeton, W. Va. 


In the article entitled “A Triangle Theorem” occurring in the 
April, 1960 issue of ScHooL ScrENCE AND MATHEMATICS proof of the 
following theorem was given. Also several examples illustrating its 
application and importance were recorded. 

Theorem 1. BP and CP are two cevians of triangle ABC meeting 
sides CA and AB at points E and F respectively. A straight line 
through P meets CA at N and AB at O. Then 

AF BO AE CN 


FB OA EC NA 


and conversely, if this relation exists, NO will pass through P, the 
point of intersection of BE and CF. 

The theorem holds for all positions of point P in the plane of tri- 
angle ABC as long as the segments involved are considered as di- 
rected quantities. That is, if F and O are between A and B, the ratios 


AF BO 
— and — 
FB OA 


are to be considered positive. If either F or O be external to AB the 
corresponding ratio or ratios must be considered negative. Similarly 
for points E and N with respect to CA. 

The present article considers the theorem more carefully and fur- 
ther extends its applications. We observe that the segments originat- 
ing at vertex A and included in ratios 

AF AE 


— and 
FB EC 


are such that F and E£ are the extremities of the cevians from C and 
B. The segments originating at B and C, occurring in the ratios 
BO CN 


— and 
OA NA 


’ 


are such that O and N determine a line through P, the point of inter- 
section of cevians BE and CF. 

We now locate points F’ and O’ on AB isotomic to F and O. This 
means that AF=F’B, FB=AF’, BO=O’A, and OA=BO’ (Fig. 1). 
When this is done 
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AF BF’ BO AO’ 
anc =— . 
FB OA O'B 


In a similar fashion E’ and N’ are located on CA isotomic to E and 
N giving 
AE CE’ CN AN’ 
ad 
EC E'’A NA N'C 
Through substitution the relation 
AF BO AE CN 
FB OA EC NA 
becomes 
BF’ AO’ CE’ AN’ 
F’A N'C 
We rewrite the latter equation as 
AO’ BF’ AN’ CE’ 
O'B FA NC EBA 
and interpret its meaning from the preceding analysis of the segments 
involved in theorem 1. It is seen that O’ and N’ are the extremities of 


cevians from C and B and that E’F’ is a line through the point of 
intersection of these cevians. 
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Consequently, there is a reversal of the roles played by the various 
segments involved in the two equations. For the first equation, given 
in theorem 1, Z and F are the cevian extremities and NO is a line 
through their point of intersection. For the second equation involv- 
ing isotomics, NV’ and O’ are the cevian extremities while E’F’ is the 
line through their point of intersection. Let us extend theorem 1 and 
record the result in this manner: 

Theorem 2. BP and CP are two cevians of triangle ABC meeting 
sides CA and AB at points E and F respectively. A straight line 
through P meets CA at N and AB at O. Points E’ and N’, isotomic 
to E and N, are determined on CA while F’ and O’, isotomic to F and 
O, are located on AB. E’F’ will then be a line passing through the 
point of intersection of cevians BN’ and CO’. 

Suppose that we now allow line NPO to rotate about point P 
thereby determining a family of lines through point P. As points N’ 
and O’, isotomic to N and O, are located on sides CA and AB it is 
evident from theorem 2 that we have a series of cevians BN’ and 
CO’ intersecting on fixed line E’F’ and they thereby determine a 
series of collinear points on E’F’. Let us take into consideration the 
rotation of line N PO about P and express theorem 2 in a more general 
and spectacular form. 

Theorem 3. BP and CP are two cevians of triangle ABC meeting 
sides CA and AB at points E and F respectively. NO is a variable 
line through fixed point P, meeting CA at N and AB at O. E’ and 
N’ are points isotomic to E and N on side CA while F’ and O’ are 
points isotomic to F and O on side AB. As NPO rotates about point 
P, cevians BN’ and CO’ intersect on fixed line E’F’. 

Instead of allowing line NPO to rotate about P, let us keep line 
NO fixed and allow point P to vary thereon, E’, N’, F’, and O’ are 
the isotomics of E, NV, F, and O as before. We then have this general 
result: 

Theorem 4. In triangle A BC a fixed line meets CA at N and AB at 
O. P isa variable point on NO through which cevians BP and CP are 
drawn meeting sides CA and AB at points E and F respectively. E’ 
and N’ are points isotomic to E and N on CA while F’ and O’ are 
isotomic to F and O on AB. As P traverses NO points E’ and F’ will 
determine a series of straight lines passing through the point of inter- 
section of fixed cevians BN’ and CO’. 

Theorems 3 and 4 illustrate the dual nature of our results. We are 
now able to make use of a process which enables us to transform a 
statement about three or more concurrent lines into a corresponding 
statement about three or more collinear points, and vice versa. 

As an example of theorem 4, we know that the orthocenter, nine- 
point center, centroid, and circumcenter of a triangle are collinear 
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and lie on the so-called Euler line of the triangle. We pass cevians 
from B and C through these four famous points thereby determining 
four points on side CA as well as four points on side AB. Points 
isotomic to these are then located on both CA and AB. If correspond- 
ing isotomics on CA and AB are then connected by straight lines 
the four connectors thus drawn will be concurrent. 

Returning to theorem 3, let us allow line NPO to rotate about 
fixed point P and get the series of cevians BN’ and CO’ intersecting 
on fixed line E’F’. Suppose we connect points N’ and O’. It can then 
be shown that variable line N’O’ envelopes a conic section that is 
tangent to CA at E’ and tangent to AB at F’. The conic also touches 


Nw 


Fic. 2 


BC at a point D’ determined by constructing a cevian from A 
through the point of intersection of cevians BE’ and CF’. We shall 
not record the proof of these statements but instead shall refer the 
reader to the following problem which has been forwarded with solu- 
tion to the Problem Department of School Science and Mathematics 
where publication should shortly follow. 

Problem. The incircle of triangle ABC touches sides BC, CA, and 
AB at points M, N, and O respectively. P is any point on NO through 
which rays from B and C are drawn. BP meets CA at E and CP 
meets AB at F. Show that EF is tangent to the incircle of triangle 
ABC for all positions of point P on NO. 

After a solution of this problem has been obtained projection then 


A 
E 
0 
F 
— 
M 
— N 
B 
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demonstrates the fact that line V’O’ of theorem 3 envelopes a conic 
section. Line N’O’ of theorem 3 is seen to correspond to line EF of 
the preceding problem. 

We are now in a position to express our principal result toward 
which the other theorems have been directed. It is illustrated in 
figure 2, though no effort to construct the conic has been made. 

Theorem 5. P is any point in the plane of triangle ABC through 
which cevians are drawn from A, B, and C meeting BC, CA, and AB 
at points D, E, and F respectively. A variable line through fixed 
point P meets BC at M, CA at N, and AB at O. D’ and M’ are iso- 
tomic to D and M on side BC, E’ and N’ are isotomic to E and N 
on side CA, and F’ and O’ are isotomic to F and O on side AB. As 
variable line MNO rotates about fixed point P, points M’, N’ and 
O’ will be collinear and variable line M’N’O’ will envelope a conic 
tangent to the sides of triangle ABC at points D’, E’, and F’. 

In the statement of theorem 5 we have added a third cevian AD, a 
third point M on line NPO and two more isotomics D’ and M’. We 
easily show that point M’ is on line N’O’ through the use of the con- 
verse of the theorem of Menelaus. Theorem 5 would have been true 
without the inclusion of these third elements but they seem to make 
the result more complete and for that reason are included. 

If we have a given conic tangent to the sides of triangle ABC, we 
may construct variable tangent M’N’O’ to this conic. We then de- 
termine the respective isotomics M, N, and O which are collinear 
and by reversing the reasoning process show that variable line MNO 
always passes through fixed point P. 

There is another important matter that should be considered be- 
fore bringing this discussion to a close. If two cevians through the 
vertex of an angle make equal angles with its sides, they are said to be 
isogonal rays. In other words, two rays are isogonal with regard to 
an angle if they are symmetrical with respect to the bisector of the 
angle. 

Let a pair of isogonal rays from vertex C of triangle ABC meet 
side AB at points F and F”. If a, b, and c represent sides BC, CA, 
and AB of triangle ABC, it is possible to show that 

AF AF” 

FB F’B @ 
This is a fairly well known property of isogonal rays that may be 
found in any text on advanced geometry and its proof will not be 
given here. The preceding relation may be written as 

AF BF” 


FB a? 


= 

q 

Pay, 

We 
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Let us consider points F” and O” on side AB determined by —_— 
through C isogonal to cevians CF and CO. Points E” and N” o 
side CA are located by constructing cevians through B isogonal a 
cevians BE and BN. We then have 
AF 6? BF” BO AO” AE CE” 


FB a? OA 8? OYB’ EC @ E”’A N. ide 


Through substitution and re-arrangement of ratios 
AF BO AE CN 
= 
FB OA EC NA 


becomes 
AO” BF” AN” CE” 
+- 
Cara 
Interpretation of this latter equation shows that O’’ and N” are the 
extremities of cevians from C and B and E’’F”’ is a line through the 
point of intersection of these cevians. 

It is seen that we are now in a position to use the traces of isogonal 
rays on sides CA and AB and record theorems paralleling 2, 3, 4, and 
5 given for isotomic points. Since this effort has become rather ex- 
tended we omit the parallel cases for theorems 2, 3, and 4 but list the 
corresponding case for theorem 5. 

Theorem 6. P is any point in the plane of triangle ABC through 
which cevians are drawn from A, B, and C meeting BC, CA, and 
AB at points D, E, and F respectively. A variable line through fixed 
point P meets BC at M, CA at N, and AB at O. Cevians through A 
isogonal to cevians AD and AM determine points D” and M” on 
side BC. In similar fashion points E”’ and N” on side CA are de- 
termined as well as points F’”’ and O” on side AB. As variable line 
MNO rotates about fixed point P, points M’, N”’, and O” will be 
collinear and variable line M’’N’’O” will envelope a conic tangent to 
the sides of triangle ABC at points D”, E’’, and F”. 

For theorem 6, the point where tangent M’’N’’O” touches the en- 
veloped conic may be determined by constructing a ray from A 
through the point of intersection of lines F’’N”’ and O’’E”’. This ray 
will meet M’’N’’O” at the required point. Similarly, a ray from A 
through the point of intersection of lines F’N’ and O’E’ will deter- 
mine the point where M’N’O’ touches the enveloped conic of theorem 
5. Proof of these statements require rather extended reasoning and is 
therefore omitted at this time. 


Developing a Science Sequence 


James T. Robinson 


Executive Secretary, Southern California Industry-Education 
Council, Los Angeles, California 


In attempting to develop a better science curriculum for secondary 
schools one notices that a pattern of course offerings is quite prevalent 
across the country. ‘‘Nearly all American high schools now follow a 
single scheme of sciences: General Science in grade nine, Biology in 
grade ten, Chemistry in grade eleven, and Physics in grade twelve.’”! 
A further look at this pattern reveals several points of interest for one 
concerned with the development of a science sequence. Ninth grade 
general science does not generally take note of any study of science 
which the student may have previously learned, either in elementary 
school or on his own. Biology does not attempt to build on general 
science, and in most cases biology classes are open to both those who 
have had general science and those who have not. The student who 
proceeds to chemistry does not need to use concepts learned in bi- 
ology, nor does he get much opportunity to use or relate his biology to 
chemistry. Those who go on to physics may or may not have had 
biology and/or chemistry. In many of our schools, any of the above 
mentioned courses may be taken as the first secondary science course 
by the student. 

With the exception of those students who have decided early in 
their high school career to take a maximum science program only one 
science, or at the most two, will be required for graduation from high 
school, or for college entrance. The apparent assumption is that stu- 
dents can learn those understandings uniquely contributed by sci- 
ence to their general education by only one year of study. 

These observations raise several questions: (1) is one year of sec- 
ondary science adequate for general education; (2) does the present 
pattern of courses constitute a seguence of science instruction; (3) how 
did the present pattern of science courses beeome established; (4) 
what proposals have been made for sequences of secondary science 
experiences? 

This paper will attempt to present an analysis of the present series 
of secondary science courses and how they came to be established; to 
discuss proposals for different sequences; and to propose an actual 
sequence of science courses for the secondary school, grades nine 
through twelve. 

Brandwein’ reported that most school systems in the country have 


' Committee on Educational Policies, “Meeting Report No. 56-1, Sub Committee on Pre College Education, 
Teacher Recruitment and Teacher Education,” Biology Council, Division of Biology and Agriculture, National 
Academy of Sciences, August 16, 1956. 

? Brandwein, Paul. “Trends in High School General Science,” Science in Secondary Schools Today, Bulletin 
of the National Association of Secondary School Principals, 37: 50-55, January, 1953. 
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planned or are planning a general science sequence in grades seven, 
eight, and nine. In a growing number of school systems this program 
is an extension of an elementary science experiences grades one 
through six. Richardson’ states that typically biology is a tenth grade 
subject and that there is little sequential relationship between it and 
the previous science curriculum. He further states that chemistry is 
more commonly elected in the eleventh grade and physics in the 
twelfth grade. 

The National Science Teachers Association reported that in the 
school year 1956-57, 67% of the ninth grade class was enrolled in 
general science; 75.5% of the tenth grade class was enrolled in 
biology; 34.5% of the eleventh grade class was enrolled in chemistry; 
and 24.3% of the twelfth grade class was enrolled in physics.‘ These 
statistics confirm the findings of Richardson and the Committee on 
Educational Policies previously quoted. With these present course 
offerings in mind, it might be profitable to examine how the pattern 


came about. 

At the turn of the century a great number of specialized science 
courses were offered in every grade in the secondary school. The 
major effort in elementary science was the development of nature 
study, with some attempts at introducing physical science at the 
upper elementary level.’ Attempts were made to offer introductory 


courses at the ninth grade which would serve as a basis for the study 
of specialized science. General science courses which have been devel- 
oped were the response to this need for an introductory course which 
would be free of obligations to any special subjects. 

The success of general science between 1910 and 1930 has had a 
rather profound effect on the development of a definite science cur- 
riculum. First it practically eliminated many subjects as introductory 
courses. The most conspicuous of these were physiology, hygiene, 
astronomy and physiography which had had extensive trial but 
unsatisfactory results. Second, it concentrated, and therefore intensi- 
fied, the competition of other science courses in the upper three years 
of the secondary school.® 

At the same time general biology was coming into the curriculum in 
response to a demand for an introductory course which would inte- 
grate the various materials from the biological sciences. General 
biology proved more popular than the specialized courses of botany, 
zoology and physiology with the resulting loss of enrollment in these 
courses. 


3 Richardson, John. Science in Secondary Schools, Prentice-Hall Inc., Englewood Cliffs, N. J., 1957, p. 39 

‘ ; “Some Pertinent Facts About the Current Status of High School Science and Mathematics,” 
Compiled by the National Science Teachers Association and the National Council of Teachers of Mathematics, 
January, 1958 

5 National Society for the Study of Education, A Program for Science Teaching, Thirty-first Yearbook, Part I, 
University of Chicago Press, Chicago, Ill., pp. 151-152, 1932. 

6 Thirty-first Yearbook, of. cit., p. 125 
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Biology, as a more general subject, found its place in the curriculum 
at the tenth grade level, leaving chemistry and physics dominating 
the eleventh and twelfth grades. Hunter reports that by 1931 a defi- 
nite sequence of science courses existed at least on paper in several 
states. He also reported that there was no agreement as to the proper 
sequence of high school chemistry and physics.’ 

By 1932 a science curriculum of unspecialized science in the first 
nine grades was reportedly established.* The Thirty-first Yearbook of 
the National Society for the Study of Education recommended that 
following biology, physics be offered as the first specialized course in 
the physical sciences. Chemistry should follow physics or ‘‘these two 
courses should be planned so that at least in some features they may 
constitute an integrated sequence.’’® The Yearbook report also recom- 
mended that other specialized courses be offered, but only after the 
student had taken these more basic subjects. In the concluding chap- 
ter of this report the problem of the selection of a sequence of courses 
within the curriculum was listed as the first issue awaiting further 
scientific studies. 

The 46th Yearbook of the National Society for the Study of Educa- 
tion reported that ninth grade science should be planned for general 
education. For the senior high school the report recommended inte- 
gration of chemistry and physics into a physical science course similar 
to general biology.'® 

From these data the conclusion seems justifiable that our present 
sequence of science courses, which in essence is mot a sequence, has 
been arrived at by a “‘growing up” process, rather than by developing 
substantiated criteria which would provide a sound sequence of sci- 
ence experiences for students. 

Although current practices in the program of science courses do 
not show a sequence of learning experiences, the literature is replete 
with proposals for reorienting the secondary science program. As 
early as 1904 W.S. Jackson recommended that every step be taken to 
design a sequence of instruction in science in which each level of in- 
struction would be a substantial preparation for the next from kinder- 
garten to the university." 

In 1931, Hunter stated: 


It might also seem possible that the dream of the science teacher who teaches 
children and not special science might someday be realized, so that we will see 
a continuous course of science throughout the junior and senior high school, 


7 Hunter, G. W., “The Sequence of Science in the Junior and Senior High School,”’ Science Education, 16: 


103-115, December, 1931. 

8 National Society for the Study of Education, Thirty-first Yearbook, op. cit., p. 129. 

* Thirty-first Yearbook, of. ci/., pp. 126-129. 

10 National Society for the Study of Education, Science Education in American Schools, Forty-sixth Yearbook, 
Part I, University of Chicago Press, Chicago, Ill., 1947, p. 43. 

" Jackson, W. S. Nature Study, Third Yearbook, National Society for the Study of Education, Universit y 
of Chicago Press, Chicago, IIl., 1904, 
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built not on special subject matter, but arranged psychologically on the rational 
basis of children’s interests and adult life needs.'* 
This attempt to develop a curriculum based on the needs and 
interests of youth which would cut across subject matter lines has 
been proposed several times. In 1945, Brandwein outlined a continu- 
ous experience of science in the four years of high school. Each year of 
the program centered on a problem area, and all of the techniques and 
principles of science necessary for the solution of the problem were to 
be used. The four courses were to be titled ‘Science and the Indi- 
vidual,” “Science and the Family,” “Science and the Community,” 
and ‘Science and the World.’* Ideas of problem areas within each 
year of the program were included in the proposal. 

The report of the Harvard Committee entitled General Education in 
a Free Society made several suggestions regarding the sequence of 
science experiences beginning in grade seven. 

Education in science should begin early in the primary grades, surely not? 
later than the seventh grade. It can approach familiar immediate aspects of the 
environment. They may be dealt with in large comprehensive units, the study 
of which transcends the conventional boundaries of science. At this stage, in 
fact, no important end is served by concentrating on the method or structure of 
the sciences. On the contrary, the student and his environment are the central 


themes; and their interrelations, if pursued rationally, necessarily disregard all 
such limitations.“ 


In the high school science instruction should certainly continue. At this stage 
those who are properly qualified to do so should have the opportunity to develop 
the skills appropriate to them. But for those especially for whom secondary 
education is terminal, and possibly for all students, a course in a particular sci- 
ence does not really fulfil the aims of general education. .. . Such a course... 
might not only be the ideal offering for the terminal student but the best possible 
introduction for those who will go on to the individual sciences. 


The report then proposed the usual biology, chemistry, and physics 
for the student taking a maximum science program. The report did 
suggest that an integrated course in physical sciences might be of 
particular value to students who might plan advanced work in science 
in college. ‘‘A course like this can profitably extend into a second 

Blackmer made a proposal similar to that of the Harvard Report 
but gave more stress to a two year integrated sequence following the 
ninth or tenth grade. He also recommended a two year course in 
physics, chemistry or biology following the introductory course for 


2 Hunter, G. W., op. cit., p. 115 
4 Brandwein, Paul, “Four Years of Science,” Science Education, 29: 31-42, February, 1945. 


™ Conant, James, General Edueation in a Free Society, Harvard University Press, Cambridge, Mass., 1945, 
pp. 156-157 


Tbid. 
Tbid., pp. 159-160. 
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those students planning to enter fields of science or engineering. This 
type of program would allow the student to enter college at the 
sophomore level in the specialty of his choice.’ In making a recom- 
mendation for a major revision of the secondary science sequence, 
Blackmer wrote: 

Despite difficulties of staffing, a basic science course at the tenth grade level, 
presenting selected topics from all three fundamental sciences, physics, chemistry 
and biology, has much to recommend it. It introduces the student to the common 
ground as well as to the essential differences in method and content of these three 
sciences. Their presentation in the order of their dependence and historial de- 
velopment as sciences leads naturally from physics into chemistry and from 
chemistry into biology. That current practice in most high schools exactly reverse 
this order is largely a result of the weak mathematical background of most stu- 
dents, which force the postponement of physics until the senior year.'® 


These reports from 1931 to 1954 serve to point up the need to inves- 
tigate the present course structure in content, method and sequence. 
In the past three years several reports have recommended a complete 
reversal of at least part of the secondary science sequence. 

The Subcommittee on Precollege Education, Teacher Recruitment 
and Teacher Education of the Division of Biology and Agriculture, 
National Academy of Sciences-National Research Council has noted 
that the present pattern of courses means that 
... the biology teacher must either withhold from her students much of the 
growing body of basic knowledge of biological systems which rests upon an un- 
derstanding of physics and chemistry, or must try to teach a smattering of 
physics and chemistry as part of the biology course. Many high school courses (in 
biology) are therefore largely courses in natural history and conservation. The 


value of these courses is undeniable but they are not the whole of biology, nor 
are they the chapters most likely to appeal to some types of able students.'* 


The committee further recommended that there be a reconsidera- 
tion of the grade levels at which specific science topics are taught. 
They indicated that science knowledge is sequential, and that sub- 
stantial understanding depends upon a sound sequence of study. 

The Subcommittee discussed the problems of offering biology at the 
eleventh or twelfth grades and pointed out that it would reduce the 
availability of biology to a great number of students. They agreed 
that much of elementary natural history and physiology could be 
taught at the upper elementary grades. They took note of suggestions 
that a four year sequence has been proposed in light of the 

. . increasing significance of science in our society and world view, ... con- 


ventional boundaries between disciplines may be barriers rather than aids to 
understanding. A counter argument raises the spector of superficiality through 

17 Blackmer, Alan R. General Education in School amd College, A Report of the Faculties of Andover, Exeter, 
Lawrencevill, Harvard, Princeton, and Yale, University Press, Cambridge, Mass., 1952, p. 64. 

18 Tbid, p. 63 

19 Committee on Educational Policies, op. cit., p. 24. 
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failure to devote sufficient time to a topic or subject to develop it clearly and 
systematically.” 


Anderson proposed a two-tracked system to begin in the eighth or 
ninth grade. For the top 15% of the students, he recommended a 
sequence of biology, physics, chemistry and a “Seminar in Problems 
in Science.” For the remainder of thé students he recommended 
“Man and the Biological World” in the ninth grade and “Man and 
the Physical World” in the tenth grade.” 

In discussing the sequence of science courses, Richardson states 
that the reason physics usually follows chemistry is that the mathe- 
matics needed for physics is not presented until the eleventh or 
twelfth grade. 

This supposed sequence is open to study, however, in view of the dependence 
of chemistry upon the basic principles of physics. Many of these principles 
are subsequently repeated in physics when it is studied in the twelfth grade. 


There seems to be adequate reason for making physics prerequisite to 
chemistry.” 


From the literature cited, and from other materials reviewed, 
several conclusions seem justified: (1) the present course offerings in 
the secondary school do not constitute a sequence; (2) the secondary 
program must be constantly re-evaluated in light of the changing 
elementary program; (3) the question of the placement of biology is of 
critical importance in the development of a true sequence. 

In discussing the placement of biology with many scientists, the 
writer has found rather uniform agreement that physics, chemistry 
and mathematics provide a necessary basis for the study of modern 
biology. Conversely, biology does not offer similar basic ideas to the 
study of either chemistry, or physics. Ralph W. Gerard as a member 
of a symposium on ‘Fundamental Units and Concepts of Science’ at 
the A.A.A.S. Convention in December, 1956, developed the rela- 
tionships between the physical and biological sciences, and the bio- 
logical and social sciences. He places the biological sciences inter- 
mediate between the physical and social sciences.” 

The present arrangement of courses seems justified only because of 
the mathematical background of students. This seems to be the only 
justifiable reason for delaying physics until the twelth grade. Current 
revisions of the mathematics program may make this reason obsolete. 

Our increasingly complex society requires that all citizens have an 
understanding of science. In order for the schools to fulfill this obliga- 
tion, the following pattern of science courses is suggested: 


Ibid. 

™ Anderson, Kenneth, ‘“‘A Look Ahead in Science Teaching,” Science Education, 40: 379-381, December 
1956. 

Richardson, op. cié., p. 40. 

% Gerard, Ralph W. “Units and Concepts in Biology,” Science, 125: 429-433 March 8, 1957. 
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All students 
K 
Elementary science 


7 
8 General Science 


MINIMUM SCIENCE MAXIMUM SCIENCE 
Physical Science 9 Biology-carth science 
Biological Science 10 Physics 

11 ___. Chemistry 

12 __—. Advanced Biology 


This paper has not considered the elementary science experience 
but assumes that most students will have science as a regular planned 
part of their studies. A seventh and eighth grade program of general 
science is also assumed to be a required part of the course of study for 
all students. 

Beginning with the ninth grade, at least two programs are sug- 
gested. These are proposed not as ends but as minimal programs for 
students with different goals. The minimum science program is sug- 
gested for all students who plan to terminate their education with the 
twelfth grade. Regular college preparatory courses could be provided 
for those who did not wish to follow the maximum science sequence. 
These courses could be offered at the same grade level suggested in the 
sequence chart. These courses would differ from those in the maxi- 
mum science courses in that they would be offered as isolated courses 
rather than as structured sequential experiences. 

The suggestion of a biology-earth science combination is based on. 
the premise that at the ninth grade level a descriptive approach to 
these related areas could be provided as the student is concurrently 
building mathematical understandings which will enable him to begin 
a quantitative approach in the tenth grade. During this descriptive 
course, the unanswered problems requiring a more adequate physical 
science background could be used as a lead into the tenth and elev- 
enth grade programs. As has been previously discussed the under- 
standing gained in physics can be used to better understand chemis- 
try. At the same time basic concepts in physics will be used in new 
situations to solve new problems. In this way greater understanding 
of these concepts of physics will be facilitated. 

Building upon the understandings developed in physics and chem- 
istry the twelfth grade biology course can be approached from the 
standpoint of modern experimental biology. The techniques and 
understandings of concepts from physics and chemistry can be used to 
probe the “‘Why” of the major problems in biology. 

Such a sequence of science experiences would also provide a greater 
opportunity to develop students who operate at the behavioral level 
in terms of the often stated tia of sensing and solving problems 
in a “scientific manner.’ 
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In summary, this program would provide for a movement from 
descriptive to experimental science. It would provide for the develop- 
ment of concepts and understandings which could be used to build 
new concepts and understandings and not the use of these concepts 
and understandings as ends in themselves. Specifically, understand- 
ings of energy, wave motion, atomic theory and structure, nuclear 
physics, ionization and colloidal systems are foundations which are 
necessary for exploring and understanding problems in photosynthe- 
sis, metabolism, enzyme systems, gene theory, and control mecha- 
nisms in biological systems. 

Many problems would need to be surmounted in order to bring into 
effect such a program. If the ideas within this formulation are sound, 
it is our responsibility to overcome these obstacles so that students 
may achieve, as a result of their secondary science program, the depth 
of understanding needed in the technologically based culture in which 
they will function. 
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The Geometry of Atomic Models 


Herbert Bassow 
Fieldston School, New York City 


Student and teacher alike may well wonder how crystallographers 
not only build models of atoms no one has ever seen, but actually 
build them to scale! Too many students stand ready to accept these 
models without question, and consequently never appreciate the 
many reasons for justifying such acceptance. Because this apprecia- 
tion is believed to be at least as important as the finished models, the 
attempt here will be to show how atomic sizes—and therefore the 
scale of these theoretical models—may be deduced; and to convince 
the student—via calculations he can easily make—of the reasonable- 
ness and predictive power of the models themselves. 

Proof of the existence of atoms (and hence calculation of their 
sizes) is based on indirect evidence. The Avogadro number JN, for 
example, (NV = 6X 10") must be accepted as the number of atoms (or 
molecules) present in one gram-atomic (or gram-molecular) weight of 
any substance, once the arbitrary choice of a relative atomic weight 
scale is made. Although development of this concept, as well as vari- 
ous experimental determinations of N are adequately covered in 
many texts,’ one approach—a brief description of the way a radio- 
active element of known half-life may be used to find N is readily 
understandable and especially convincing to beginning chemists. 
Here a suitable detector “‘counts” every one of the disintegrations of 
a known weight of the element, where each “count” represents the 
decay of one atom. Since one half of the sample’s atoms will decay 
during its half-life, a simple proportion yields the actual number of 
atoms in any weighable amount of the material. 

Once N is known, the size of a substance’s atoms or ions is cal- 
culable from the measured density—which the student may actually 
determine in the laboratory, or easily look up;? and from a knowledge 
of how these atoms or ions are packed together in the solid state. 
For an element whose atoms are packed together in a simple, sym- 
metrical way (a majority of them do indeed show such an arrange- 
ment), the gram-atomic volume (space occupied by one gram-atomic 
weight) is first found by dividing the gram-atomic weight (g.) by the 
density (g./cm.*). This in turn is divided by N, the total number of 
atoms present, to reveal the volume of a single atom. If this volume 
is treated as that of a cube, taking the cube root gives the approxi- 

1 An excellent presentation may be found in General Chemistry, Third Edition, by John A. Timm, McGraw- 
Hill Book Company, Inc., New York, 1956, pp. 46-55. 


2 Handbook of Chemistry and Physics, 41st Edition, Chemical Rubber Publishing Company, Cleveland, Ohio, 
1959-60. 
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mate diameter of the atom itself—since it may be pictured as a 
sphere inscribed in this cube. As an example, consider finely pow- 
dered copper metal just because one gram-atomic weight of it 
(63.6 g.) may so readily be ‘‘poured”’ into a graduated cylinder. Thus 
its gram-atomic volume may be read directly from the graduate, or 
calculated as indicated above. Since the diameter of any “simply” 
packed atom 


3 /gm. atomic wt. 
density X V 


diameter of the Cu atom 


3 63.6 g. 
=4/ = 2.28X cm. 
8.96 g./cm.*X6X 10% 


Its radius is therefore 1.14 10-* cm., or, more conveniently, 1.14 A, 
since 1 A= 10-* caf The 10% error between this and the experimental 
value given in table 1 is due, in part, to the assumption that an atom 
may be treated as a cube. 

An almost identical procedure may be used to find the diameter of 
an ion-pair, the artificial unit of crystalline salts (often mis-named 
“moleculé&™), if one assumes an electrostatically reasonable arrange- 


TABLE 1. DENsITIES oF CuBIC CLOSE-PACKED METALS 


| Density (gm./cm.*) Deviation 
Radius' | Atomic 
(rw in A) | Weight — Actual % 
1.44 108 10.7 10.5 0.2 1.9 
1.43 27 2.65 2.70 0.05 1.9 
1.44 197 19.3 19.3 0.00 0.0 
1.96 40 1.56 1.55 0.01 0.6 
63.6 9.12 8.96 0.16 1.8 
1.24 59 9.04 8.90 0.14 1.6 
1.74 207 11.4 15 0.1 0.9 
1.38 195 21.9 21.5 0.4 1.8 
Average Deviation 0.13 1.3 


1 Wyckoff, R. W. G., Crystal Structures, Vol. 1, N. Y.: Interscience, 1951. 
2 Slide rule accuracy using the formula 


gm. at. wt. 


3.4 


Density = 


3 1956 values, but rounded off to three places. 


Metal 
he 
Al 
Au 
4 Ca 
Cu 
Ni | 
Pb 
Pt 
Sr 
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Fic. 1. Model of portion of a sodium chloride crystal. Dark spheres are Nat 
ions. This so-called “Rock Salt” structure is typical of over 140 known com- 
pounds, of which a large number are ionic salts. The model (and those shown 
in figures 5, 7, and 8) was made from inexpensive styrofoam spheres, joined by 
short lengths of pipe cleaner. (Construction details in the author’s “Atomic Model 
Making and the Geometry of Chemical Bonding” article, N.S.T.A. STAR ’58 
Award publication, pp. 25-31.) 


ment for the oppositely charged ions. The rock salt structure (Fig. 1) 
has been shown by x-ray diffraction experiments to be the most com- 
mon among alkali metal halides. Consider two examples of this: 
sodium fluoride and sodium chloride—where in each case the side 
of our imaginary cube is one “molecule” long, or, more precisely, the 
sum of the metal and halide ion radii (Fig. 2 top). Note that while 
this cube contains four metal (M+), and four halide (X—) ions (i.e., 
four MX ‘“‘molecules’’), each is at a corner and is therefore shared by 
eight cubes: ours and the seven others whose corners meet at the 
same point (Fig. 6). This means that our cube “‘owns” only }th of 
each ion, or $ (4X #4) of a metal halide “molecule.” 

To find the actual sum of the sodium and halide ion radii, one need 
only find the volume of our miniature cube, and then take the cube 
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root—for this is the length of a side, and therefore the sum of the 
desired radii. To do this, we use the available information (density 
and gram-molecular weight) to first find the gram-molecular volume 
( gm. molecular 
density 


Since this is the volume occupied by one mole, or N “molecules,” the 
volume of one ‘“‘molecule”’ is found by dividing by N. Finally, be- 


S$: Tut +Ty- 


Fig. 2. Top: Portion of sodium chloride structure used to find ionic radii. Note 
that side of cube (made by joining geometric centers of corner ions) is the sum 
of the metallic (74+) and halide (rx-) ion radii. Bottom: Unit cell of the rock-salt 
structure. The density of any compound with this arrangement may be calcu- 


. _,lated by finding the weight and volume of this cube, whose vertices are the 


centers of the eight corner halide (X~) ions. Small spheres are metal (M*) ions. 
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cause dur cube contains only half a “‘molecule,’”’ we halve this, and 
then extract the cube root as our answer. Thus, since the radii 


3 gm. molecular wt. 1 
density X V 2° 


+4 / x ; 2.32 10-8 2.32A 
trr= —=2. cm.=2. 
2.79 10% 2 


+4 = 2.82% = 2.82 A 
for = cm,.= Zz. 
2.16 g./cm.*X6X10 2 


These are in close agreement with the 2.31, and 2.81 A determined 
by x-ray diffraction experiments. 

The problem of how much of this to assign to each ion is then 
solved by determining the r values for a series of, say, chlorides of 
different alkali metals, and for a series of sodium salts of different 
halides. A set of consistent radii can then be found by trial.and error, 
or by applying certain arbitrary rules, developed by Pauling and 
others. The radius of 1 A commonly assigned to the Nat ion leaves 
1.31 and 1.81 A respectively for the F- and Cl- ion radii. 

The representing of atoms and ions by spheres with properly scaled 
radius ratios, and the way these spheres are fastened together into 
packing models, are based on interpretation of x-ray diffraction pat- 
terns, are electrostatically stable, and are accepted primarily because 
of their usefulness in explaining and predicting observable properties. 
In other words, the procedure is reversible: starting with its packing 
model, a substance’s density may be easily calculated. In addition to 
the obvious logic behind such calculations, the fact of their close 
agreement with experimental measurement is impressive proof of the 
| validity of the models themselves. 

To predict the density of a substance from its model, one ‘still 
divides a weight by a volume; but it is the weight and volume of the 
model’s unit cell—that inconceivably small group of atoms which in 
repeating itself over and over makes up the entire crystal. This unit 
cell is the three-dimensional analog of\the repeating pattern in many 
wallpapers, and explains the striking regularity of crystals. The 
minuteness of a unit cell (of the order of one hundred millionth of 
an inch in length) is no obstacle because both its weight and volume 
are readily calculable even though they cannot be measured directly. 

Recall that one gram-atomic weight of any element, or one gram- 
molecular weight of any compound, contains Avogadro’s number, VN, 
of particles. A single particle atom or atomic grouping must there- 
fore have 1/Nth of this weight. The volume is found by simple 
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Fic. 3. Top: Looking down at a portion of one layer of close-packed metal 
atoms. Bottom: Positions of a second layer of close-packed atoms (dark circles) 
when added to a first layer. Note that third layer atoms could be placed either 
directly over first layer atoms, or over the holes between them. Cubic close pack- 
ing is the result of this latter arrangement. 


geometry, starting with the atomic sizes whose determination has 
already been discussed. As examples, consider models of the two 
types of substances we have worked with so far: close-packed metals, 
and ionic salts. 

Most metallic elements crystallize in one of two almost identical 
so-called “close-packed” arrangements. Here, as the name implies, 
the atoms are as crowded as possible, and are arranged in layers (Fig. 
3) so that the atoms of one layer rest in the depressions between the 
atoms of the one underneath it. Notice that third layer atoms can 


ie 
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Fic. 4. Model of a portion of a cubic close-packed metal. The unit cell (fig. 5) 
is partly hidden by neighbor atoms, but its face atoms’ centers have been joined 
by dark lines to show the side of this unit—a tilted over cube. 


rest either directly over first layer atoms, or over the holes between 
them—hence the two possibilities. The latter is called cubic close- 
packed because its unit cell is a tilted over cube of 14 atoms, extend- 
ing through four layers (Fig. 4). 

The volume of such a cube may be found geometrically, since th 
diagonal of a face is four times the atomic radius, r, (Fig. 5). It also 
=s/2, by the Pythagorean theorem, so that 4r=s1/2, and side 
s=2/2 r. Volume, V=s*= (2/2 The cube’s weight is 
not simply the weight of its 14 atoms, since each of these is shared by 
neighboring cubes (Fig. 6): the eight corner ones by eight cubes, the 
six in the centers of the faces by two cubes, those on an edge (there 
are none such here) by four cubes. Our cube therefore “owns” 8 X }th, 
or one corner atom, and 6X4$=three others, a total of four atoms. 
Hence the weight of the cube is four times the weight of one atom, 
or 4X1/NXgm. atomic wt., where N=6X 10". 

The obvious way to calculate the density of any substance with 
this internal structure is to find the weight and volume of such a 
cube, and divide the former by the latter. So, 
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Fics. Top: Unit cell of the cubic close-packed arrangement. Note that only 
the diagonal of a face (hypotenuse of the shaded triangle) is directly the sunr of 
atomic radii (7), and is equal to 4 ry. Bottom: The unit cell is at sits in the model 
of figure 4. Tilted over at a 45° angle, it extends through four layers, numbered 
1, 2, 3, and 4 in the drawing. 


1 
Xem. atomic wt. (g.) 


weight 

volume 164/2 (10-8 cm./A)?* 
gm. atomic wt. (g.) 

4X 1.414X6X 10" X 10-4 cm. 


density = 


or, simplifying, 


: ee ae 
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‘ gm. atomic wt. 
density = (g./cm.*). 
3.4r? 


Here ¢ is the atomic radius, in angstrom (A) units, for we have “built 
in’’ our conversion to centimeters in the 3.4. The density of alumi- 
num, for example, of atomic weight 27 and atomic radius 1.43 A, 


gm. atomic wt. 27 g. 
3.443 3.4X (1.43)* cm.? 


= 2.65 g./cm.’, 


in close agreement with the handbook value. Table 1 is a comparison 
of these figures for several cubic close-packed metals. 

The density of any compound with the rock salt structure may be 
similarly calculated, since its unit cell is also a cube (Fig. 2 bottom). 
Recall (Fig. 6) that only $th of each corner ion, }th of each edge ion, 
and $ of each ion in the center of a face, actually belongs to this cube. 
Thus, while the unit cube at the bottom of Figure 2 appears to have 
13 M* and 14 X~ ions, it actually “owns” only four of each, or four 


Fic. 6. Large cube subdivided into eight smaller ones may be used to show 
how much of an atom or ion belongs to its unit cell. An atom whose geometric 
center is at a corner (position A) of the shaded cube is shared equally by all 
eight: 1 through 7, and the shaded one. Atoms whose centers lie on a cube edge 
(position B) are shared by four cubes: 5, 6, 7, and the shaded one. Atoms in a 
cube face (position C) are shared by only two cubes: 7 and the shaded one. 
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MX “molecules.’’ This is because 8 corner X-sX}=1 X-, 6 face 
X-sX}$=3 X-, a total of 4 X-s; and 12 edge M+tsX}4=3 Mts which, 
with the one in the center makes 4 Mts “owned” by our cube. Its 
weight is therefore four times the weight of one MX “molecule,” or 


gm. molecular wt. 


N 


The volume, V=s*, and s=2 ru++2 rx-, so 


would be 


V cm.3/A’. 
The density of such a cube, defined as weight divided by volume, 


4X gm. molecular wt. (g.) gm. molecular wt. g. 


ion, in A. Hence density of NaCl 


58.5 g. 
4,2(2.81)? 


6X 108 10-74 (cm.’) 1.2(ru++rx-)* 


where ry* is the radius of the metal ion, and rx- that of the halide 


= 2.21 g./cm.’. 


TABLE 2. DENSITIES OF SUBSTANCES WITH THE ROCK SALT STRUCTURE 


Ionic radii! (A) of G Density (gm. /cm.*) Deviation 
ram- 
Formula M 
of Metal Non- \ ie Calcu- | Hand- 
Substance era’ | Metal Wei ht lated -| book | Actual| % 
mu rx- eight | Value? | Value? 
NaCl 1.00 1.81 58.5 2.21 2.16 0.05 2.3 
NaF 1.00 1.31 42 2.77 2.79 0.02 0.7 
NaBr 1.00 1.96 103 3.29 0.08 
Nal 1.00 2.20 150 3.81 3.67 0.14 3.7 a 
KCl 1.33 1.80 74.5 2.02 1.99 0.03 1.5 
KBr 1.33 1.96 119 2.79 2.75 0.04 1.4 
CaO 1.05 1.35 56 3.39 3.32 0.07 oe | 
CaS 1.05 1.82 72 2.54 2.8 - = 
MgO 0.75 1.35 40 3.58 3.65 0.07 1.9 
MgS 0.75 1.82 56 2.75 2.80 0.05 1.8 
AgCl 0.97 1.80 143.5 5.60 5.56 0.04 0.7 
AgBr 0.97 1.96 188 6.23 6.47 0.24 3.8 
mm) Average Deviation| 0.08 2.0 


2 Slide rule accuracy using the formula 
gm. mol. wt. 


Density =——___——. 


3 1949 values, rounded off to three places. 


1 Wyckoff, Crystal Structures, Vol. 1, N. Y., Interscience, 1951, “observed” values. 
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Fic. 7. Model of the cesium chloride structure. Dark spheres represent Cs+ 
ions. This is actually an easily constructed approximation, since a true scale 
model would show even spacing between all white spheres. 


Fic. 8. Model of the unit cell (right) of the CsCl arrangement, showing why it 
is an example of the so-called cubic body-centered type. Note that each Cs+ ion 
(dark sphere) is bonded to eight Cl- ions (middle) whose geometric centers, when 
connected, form a cube (left). The Cs* ion sits in the center of the body of this 
cube, and hence the name. 


‘ 
CHLORIDE Ceci ~ 
gh 3 4 
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Fic. 9. Drawing illustrating the geometry of the CsCl unit cell (top). Note 
that only the cube’s diagonal, BH, is directly the sum of ionic radii. (BH =ror- 
+21rcs++1rc1-) The side, S, of the cube can be found by solving the shaded right 
triangle BHG (bottom). 


Table 2 lists this as well as other examples, and compares them with 
experimental values. 

A final illustration involves, in addition, the simple geometry of 
the right triangle. This is the density calculation of the body-centered 
cubic cesium chloride structure (Fig. 7). This structure’s unit cell 
(Fig. 8 and 9) contains the one center Cs+ and }th of the 8 corner 
Cl-s, or one CsCl “molecule.” This cube’s weight is therefore 
1/NthXgm. molecular wt. Its volume is still side s cubed, but only 
the cube’s diagonal, BH (Fig. 9), is directly the sum of ionic radii 
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(=2 rest+2 rei). The Pythagorean theorem, however, allows 
solution of triangle BGH (shaded in Fig. 9), and tells us that diagonal 
BH=svV/3. But BH so 


2 
sV3=2rest+rer), (ros* 


V=s*= . — (rest + 10-*4 cm.3/A3, 
33 
Density of CsCl= weight divided by volume 


1 
m. molecular wt.x— 


8 
3/3 
172.5X3/3 
8(1.67+ 1.81)? 6X 10-4 cm.? 


The handbook value is 3.97 g./cm.*. 

Thus the representing of atoms and ions as hard spheres, as well 
as the models made from them, are justified not only because of the 
qualitative way they explain the more obvious properties of the sub- 
stances they represent, but because one may also use them to make 
quantitative calculations—as we have done—which agree tolerably 
well with experimental fact. If the student, in making such calcula- 
tions, gains additional appreciation of the usefulness of the pny 
he has learned in school, so much the better! 


=4.0g./cm.’. 


TINY DRUM COULD CARRY INFORMATION IN SATELLITE 


Engineers here can put 100,000 bits of information on stainless steel memory 
drum only three inches long and three inches in diameter. The drum weighs 
only six ounces. 

Its lightness and smallness make it excellent for use in airborne or satellite 
computers, the developers at International Business Machine Corporation’s 
federal systems division laboratory report. 

The drum, a thin steel shell, spins at 6,000 revolutions a minute within a 
weight frame. Magnetic pickup and recording heads are imbedded on the frame. 
These record or play back information while riding on a cushion of air 100- 
millionths of an inch away from the drum. 

Severe vibrations will not jostle the heads into or too far from the drum. 
The drum and its assembly weigh eight pounds. Conventional drum assemblies 
weigh about 235 pounds. 


Business and Industry Help the Gifted Student 


Robert B. Sund 
- Science Department, Colorado State College 


American corporations have indicated a concern about the lack of 
special programs for gifted students in science and mathematics. Mr. 
L. H. Hafstad, Vice President in Charge of Research of General 
Motors, has said, for example: ‘“The desire for ‘progress’ cannot be 
reconciled with the lack of attention to and incentive for students of 
exceptional ability.” A similar interest has been expressed by the 
Council of Technological Advancement,? the McGraw-Hill Publishing 
Company,’ the Southern California Industry-Education Council,‘ 
and by industrial representatives at the State of California Confer- 
ence on Science and Mathematics.5 

The leaders of business and industry, because of their awareness of 
a growing need to do something for the gifted student, have sponsored 
special programs to enhance their backgrounds. The Joe Berg 
Foundation is an organization which has been particularly active in 
this respect. The Foundation was constituted in November of 1957 by 
the president of the Berg Manufacturing and Sales Company. Its 
program consists of establishing seminars in high schools for gifted 
students in science. The instructors for these seminars come from 
industry and are on a volunteer basis. The seminars are usually held 
after school or in the evenings. Students are selected from the 10th 
and 11th grades to start in the program. Their selection is based upon 
results from the Terman-McNemar test of Mental Ability, the Pri- 
mary Mental Abilities Tests (S.R.A.), General Education Achieve- 
ment Tests, the Gates Reading Test, and the California Arithmetic 
Test. Upon request and without charge the Foundation will send 
personnel to any school district wishing to begin a gifted student 
program and will help to make “arrangements to assist in testing, 
selection of students, and the actual starting of the seminar.’ 

Another organization, in part supported by business and industry, 
is the Frontiers of Science Foundation in Oklahoma. It has been thé 
purpose of this foundation to foster programs for the better under- 

1 Hafstad, L., “Science, Technology and Society,” Annual Meeting of the A.A.A.S., December 27, 1956, p. 2. 
(Unpublished mimeographed report). 


2 The Council of Technological Advancement, “Trends in Education and Utilization of Technical Man- 
power—A Critical National Issue,” n.d., p. 9. 

2 “The Shortage of Scientists and Engineers,” ‘New York: McGraw-Hill Publishing Company, n.d. 

4 Van Atta, L. C., “Incentives Leading Industry into Cooperation with Education,” Hughes Aircraft Com- 
pany, Culver City, California, 1957. 

5 “Reports and Recommendations of Section Meetings of the Conferences,” California Schools, 29: 351-361, 
(June, 1958), 

* Berg, J., “Our Position as Regards the Berg Plan for the Advancement of Science,” (Unpublished, November 
14, 1957). 
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standing of the role of science by the people of Oklahoma. It has 
sponsored special programs for gifted students during the summer at 
Oklahoma State University. The Foundation made available a num- 
ber of scholarships to cover the student’s cost in attending the sum- 
mer programs. 

The San Bernardino City Schools, in cooperation with local indus- 
tries, developed a special summer program for its gifted students as 
early as 1957. Twenty students participated in the first group. They 
were organized into a class, given instruction, taken on comprehensive 
tours of laboratories, and were later assigned for work experience with 
one of the companies participating in the program. These industries 
attempted to match students with specific jobs in their plants. The 
initial experiment was so successful that the program has been ampli- 
fied to include more participants during the last two years. 

New York City formed a committee to help gifted students obtain 
work experience in laboratories during the summer. The employed 
gifted students were usually given preliminary lectures about the 
plant in which they were going to work and then assigned to a mem- 
ber of the scientific professional staff. Each student received a modest 
salary plus considerable help and guidance from the staff. The general 
program has met with wide acceptance and has been enlarged since 
its inauguration.’ 

In the upper part of the State of New York, industry has also been 
active. Industrialists in this area have supported special weekly meet- 
ings for high school students selected from thirty-four high schools in 
the area.* These programs have been held throughout the semester for 
the group. The typical program has been a dinner and lecture-demon- 
stration on some scientific subject. 

Hughes Aircraft Company has established a program each summer 
since 1957 for a team of gifted students to work on some group project 
in their plant. The students tour the plant, hear lectures given by 
various staff scientists, and work on research projects. A spokesman 
for the company has said the “cost of the complete program has been 
more than compensated for by the inspiration and guidance that these 
students have gained from their experience on the team.’’® 

In addition to the activities mentioned above, business and indus- 
try have made available to schools surplus equipment and the use of 
scientists and engineers as consultants for gifted students working on 
research projects. 

Many of the local branches of the National Association of Manu- 

7 Schenberg, S., “Summer Employment of Science Students in Industry and Research Laboratories,” High 
Points, 40: 33-42 (March, 1958). 
* Gladieux, R., “For the Truly Exceptional: Industries and Schools Along the Niagara Frontier Boost Gifted 


Science-Minded Youngsters,” Chemical and Engineering News, 34: 5018 (October, 1956). 
* Van Atta, L. C., of. cit. 


> 


708 School Science and Mathematics 


facturers and the chamber of commerce have now appointed educa- 
tional representatives from their membership. These individuals 
when contacted endeavor to meet requests for science consultants, 
speakers, surplus equipment or other services that the members of 
their organization can provide. 

The San Francisco Regional Branch of the West Coast Electronic 
Manufacturers Association has gone as far as to appoint one of its 
members as sponsor for each of the high schools in its area. The 
schools can call this sponsor for any assistance they might wish per- 
taining to the field of electronics. 

Many other parts of the country now have industry-education 
councils which give educational aid and are also especially interested 
in helping gifted students. The Southern California Industry- 
Education Council, the Mid-Hudson Science Advisory Council, the 
Indianapolis Industry-Schools Committee on Science and Mathe- 
matics, Science Pioneers Incorporated of Kansas City, the Washing- 
ton Joint Board of Science Education, and the Frontiers of Science, 
are but a few of the organizations formed for this purpose. 

The activities mentioned above indicate that business and indus- 
trial groups are, more than ever, willing to give special assistance to 
science and mathematics teachers. However, the first step toward a 
relationship between an industrial group and the school must usually 
come from the educators. School districts can enrich their course 
offerings, extra-curricular activities such as the science club and 
science fair, and better their supply of scientific equipment if they will 
make an effort to determine what their local industries are willing to 
contribute to the school. The science instructors, because of the 
present deep concern over science and science instruction, never have 
been in a better position to obtain assistance from industry. All that 
needs to be done in most cases is to go to a local company with a 
specific request for a specific research problem. It must be kept in 
mind, however, that it is desirable to have the students do as much of 
the ‘“‘leg-work”’ as possible. This gives them a chance to see industry 
in operation and to meet and develop friendships with scientists or 
engineers working in industry. Associations of this type can lead to a 
better understanding by students of the life of a scientist, and the 
scientists in turn can better understand some of the problems that 
face students, science teachers and schools. 

By making greater use of community resources from industry and 
business, science and mathematics teachers can do much to provide 
for more individual attention, present more dynamic and meaningful 
course work, and develop a richer education for our most valued raw 
material—our gifted students. 
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An Illustration of the Multiple Approach 
to Problem Solving 


Martin Hirsch 
Brooklyn Technical High School, Brooklyn, New York 


Very often the solution to a mathematics problem ‘may be ap- 
proached in various ways. It sometimes happens that what appears 
to a pupil to be a “different” solution is actually the same solution 
in a disguised form although it may not always be easy to recognize 
that the two solutions are in effect the same. I would like to illus- 
trate a problem which lends itself to three (there may even be more) 
distinct methods of solution. The value*in encouraging pupils to look 
for additional solutions as will be seen by the problem illustrated, is 
that each method of solution requires different skills by the pupil, 
and equally important, the various approaches to a problem help 
develop mathematical insight—the key to problem solving. 

The problem we are using for an illustration is: 


“Find the side of an equilateral triangle if the distances from any interior point P 
to the three vertices are 3, 4, and 5.” 


Method I uses the law of cosines twice, the expansion of cos (x-y) 
and the identity sin x= + +/1—cos? zx. 

Method II uses methods of Analytic Geometry. The three vertices 
are assigned convenient coordinates in a rectangular coordinate sys- 
tem and the distance formula is used three times. 

Method III utilizes a subtle construction which reduces the prob- 
lem to the solution of one equation based on the law of cosines. 


MeEtuHop I 
In diagram I: 


Let X BAP=a, 
x PAC=(60—a), 
S=side of A ABC. 


In A ABP, by the law of cosines: cos a or: 


(1) cos a= 
S?+ 
In A ACP, by the law of cosines: cos (60—a) eee or: 


cosa vV3sina S*—16 
(2) + 


2 
From (1): 
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or 


V —S*+50S?— 49 
6S 


(3) 


In equation (2), for sin a substitute the value given by equation 
(3) and for cos a substitute the value given by equation (1). We get: 


2(6s) 2 6S 


which leads to the equation: 
S*— 50S?+ 193 =0 
50+ /2500—772 
2 
50+ 41.57 50—41.57 
2 2 
S?= 45.78 S?=4.21 


S=6.76 ans. S=2.05 (reject). 


In A ABP (diagram I), x BAP <60°, x ABP <60°, .. X APB>60°. 
.. APB is the largest angle in A APA. .. ABis the largest side. Hence 
S=2.05 is a “reject.” 


DIAGRAM I 
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MEtHOp II 


In diagram II: Chose for the x axis the line through BC and for the 
y axis the perpendicular bisector of BC. Let the coordinates of C be 
(s/2, 0). Then the coordinates of B are (—s/2, 0) and of A are 
(0, V3 s/2). Let the coordinates of P be (x, y). S is length of a side of 
A ABC. 

Since 


so that; 


2 


(1) 16. 


so that: 
(2) 


Since 


so that: 


3s? 
(3) sy=9, 


Subtracting (2) from (1) gives 
(4) 2sx=—-9 or x=—- 
2s 


In (1), substitute —9/2 for sx. We get: 
(5) 


Subtract equation (3): y?+3s?/4— sy= 18/2. 
We get: 


711 
PB=4; 
Since 
rows; 
35\2 
PA=3; 
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so.that: 
s?+23.. 
(6) 
2735 
In (5), for x substitute the value given by equation (4),fand for y. N 
substitute the value given by equation (6). 
We get: 


81 [=] 
4 2 


4s? 2/3a 
which becomes after simplifying: s*—50s?+193=0 so that we are 


led to exactly the same equation| as in Method I. Therefore, solving 
as in Method I, we get: 


5=6.76 ans. s= 2.05 (reject). 


AO, 


{0,0) 


D1aGraM II 
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MeEtuop III 
In diagram IIT: 


(1) With point A as vertex, construct xCAF=xX BAP. Call this 
angle X. On AF, mark off point E so that AE=EP=3. Draw 
PE and CE. 

(2) Then x PAE= x BAC=60°. And since AP=AE, AAPE is an | 
equilateral triangle. Therefore PE=3, and xAPE=xAEP 
= 60°. 

(3) In AABP and AAEC: 

AB=AC, 4 BAP=X CAF, AP=AE. 
. AABP=AAEC so that CE= PB=4. 

(4) The sides of APEC are 3, 4, and 5 which makes APEC 4 right 
triangle with x CEP the right 2. 

(5) In AACE, by the law of cosines: 

S?= 3?+4°—2 (3)(4) cos 150° S=side of AABC 

(6) S?=25+243 
S?= 25+ 20.78 
S?= 45.78 
S=6.76 ans. 


DracraM III 


We have already mentioned that the proofs in methods I and II 
both lead to exactly the same equation; 


S*—50S?+ 193 =0. 


| 
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Now the equation 
S*—50S?+ 193 =0 
can be written as 
(S?— 25)? —625+193=0 


so that 
(S?—25)?—432=0 
(S?—25)?—(124/3)?=0 
so that 
S?—25—12./3=0 S?—25+12/3=0 
S?=25412,/3 


S=2.05 (reject) 
which is eq. (6) of Method III. 


Therefore we see that all three methods lead to exactly the same 
equation and hence to the same solution. 


STRONTIUM-90 STICKS LESS TO FRUIT, FDA STUDY SHOWS 


Fruits carry a lower level of strontium-90, a harmful element of fallout from 
nuclear weapons, than vegetables, states Dr. Edwin P. Laug, chief of the physio- 
chemistry branch of the division of pharmacology of the Food and Drug Ad- 
ministration. 

* Dr. Laug has been evaluating radioactive strontium-90 levels in foods and ex- 
ploring various ways to lower human exposure to this dangerous, long-lived 
gee The results of his findings may revolutionize current concepts of good 

iet. 

He attributes fruits’ low level of strontium-90 to their relatively smooth skins 
from which particles of fallout tend to fall off. Also significant: most fruits grow 
on stems, branches or vines and are removed from direct contact with contami- 
nated soil. 

Strontium-90 often is referred to as ‘‘the bone-seeker’’ because, like calcium, 
it tends to settle in the bones of man and animals. Infants and chiidren, whose 
calcium bone formations are not complete, are more susceptible to this known 
cause of bone cancer and leukemia. 

Dr. Laug’s studies have shown that whole grains, though higher in nutritional 
values and vitamin content than refined grains, also have a higher level of 
strontium-90. Deliberately contaminated whole wheat was as much as 75% 
higher in levels of fallout than the white wheat flour processed from it. 

The vitamin-rich leaves of spinach are about four times as high in strontium-90 
than the considerably less nutritional cabbage. The rough surface of spinach 
retains soil and atomic particles more easily than smoother cabbage or lettuce 
leaves. Generally, the outer leaves of the leafy vegetables, the skins of tubers 

such as potatoes and carrots, and the pods of peas and beans, all known to be 

richer in vitamins than their inner segments, have a higher fallout content. 
The best way to reduce fallout in the diet is to peal the skins of tubers, re- 

move the outer leaves of vegetables or shell the legume variety, and thoroughly 

wash all fruits and vegetables before preparing them for the table. Just washing 

spinach, for example, reduces the strontium-90 content by 60%. 
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Ohm’s Law Through the Looking Glass 


Frieda A. Stahl 


z= Department of Physics, 
Los Angeles State College 


Lewis Carroll’s Alice was a curious child, who wondered about the 
barrier presented to her by a mirror. The mirror on the wall reflected 
all information incident upon it, and remained inscrutable about its 
other side, until . . . And we can all recall the delightful fantasy and 
satire which followed her dream-world penetration. 

We are much like Alice in our study of electricity. We connect cir- 
cuits and read meters and define a group of related concepts based 
on our observations, which are best summarized by Ohm’s Law: 
I=V/R. But our view remains external to the phenomena—we 
normally don’t penetrate the contacts to look into the conductor we 
take so much for granted. 

The key for our penetration is the resistance, R. When we choose 
to study resistance we must concern ourselves with the conductor 
involved. We find that this opposition to the current increases as the 
length Z increases, and decreases as the cross-sectional area in- 
creases because more current paths are available. In algebraic lan- 
guage we may write 


Re«L (1) 


(2) 
A 


When we have two such joint and independent proportionalities, the 
general relationship becomes 


(3 
) 


A proportionality becomes an equation by the introduction of a co- 
efficient as a multiplier. This coefficient is frequently called a con- 
stant, but really has no such restriction. The only requirement is that 
it shall have no dependence on the variables already set forth, which 
in this case are L and A. Thus we may state 


R=p—-: (4) 
A 


The name of this coefficient, p, is resistivity, and by arrangement, 
we know that it bears no relationship to the length and area of the 
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conductor. What is left when we eliminate the size and shape of the 
conductor? We are left with the material itself and its internal condi- 
tion. 

The material is characterized by an assemblage of atoms in a regu- 
lar array, called a crystal lattice. The atoms vibrate around their 
equilibrium positions by virtue of their thermal energies. There may 
be foreign atoms—impurities, or a second group of atoms—as in an 
alloy, or disruptions of the arrangement called lattice imperfections, 
each entering into the electrical behavior of the material. The thermal 
energy is a consequence of the temperature. These internal effects all 
make their contribution to the resistivity, p. 

A bit of positive thinking leads us to ask, what is the measure of 
current-carrying capability in a material, instead of current-oppos- 
ing ability? These two ideas are reciprocally related, so that we may 
define conductivity in the following manner: 


(5) 


We can, similarly, define the conductance of a circuit element as 
(6) 


and restate Ohm’s Law in the form 
I=VG.- (7) 


Let us now examine an idea from general space, equally applicable 
“outside” and “inside”. When a difference of potential or voltage, 
V, is maintained between two points separated by a distance d, 
there is an electric field between them: 


E=V/d. 


(8) 


In this field, a free electric charge would move from the point of 
higher potential to the point of lower potential. This is electrically 
comparable to the gravitational field, where a free mass falls ‘““down’’. 
An electric field exists inside a conductor when a voltage is applied 
end-to-end. In this case, for a length L, 


E=V/L. (8’) 


When such a field exists in a conductor, we know that a current J 
must flow in accordance with Ohm’s Law. How does current appear 
inside a material? It is a drift of unbound electrons, accelerated by 
the electric force, dragged against the forces set up by the vibrating 
atoms, moving with an average terminal velocity which we shall 


— 1 
= 
a 
j 
= 
: 
4 
3 
4 
x 


Ohm’s Law Through the Looking Glass 


call v. This motion may be compared with the constant-speed fall of 
a raindrop against the resistance of the atmosphere. 

We are concerned with the extent of the current through the ma- 
terial, so that we will look at the current density, which is the ratio of 
total current to the cross-sectional area through which it moves: 


J=I1/A. (9) 


We can see that if we have a thicker conductor, with a correspond- 
ingly lower resistance, and a fixed voltage, more current will flow. 
But we have more area, and the current density J is unchanged. The 
fixed voltage tells us the field Z is unchanged. On the other hand, if 
we take a single conductor and increase its current by increasing the 
voltage, the current density increases in proportion to the increase 
in field. The first type of increase was not felt by any individual chain 
of atoms, because we added atoms, each carrying the same share of 
energy. The second type of increase was felt by the material—which 
would respond by heating up—even though our external meter read 
the same total current. 

Let us now take Ohm’s.Law and put into it all the interior infor- 
mation we have learned. First, from our expression for resistance, we 
can extract algebraically the fact that 


(10) 


Consequently, 


Now let us substitute equals for equals in Ohm’s Law: 
I=VG 
(JA) =(EL)(¢A/L) 
and we have the equation 
J=cE. - (12) 


This is the statement of Ohm’s Law inside the substance: The cur- 
rent density in a material is equal to the product of its inherent con- 
ductivity and the applied electric field. : 

Note that when we are “inside” we do not even think about the 
boundary to the ‘‘outside’’. The boundary or surface, wherever it is, 
is the location where the crystal lattice stops entirely, its biggest dis- 
ruption and imperfection. The physics of surfaces is a highly compli- 
cated and specialized study. 
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The heart of the electrical behavior of a material resides in o. E is 
applied to it from the outside, J happens as a consequence, but o 
tells us the nature of the substance. 

We have described the physical properties that affect ¢, and now 
we need to restate these properties electrically and algebraically. 
First, if a conductor is to conduct, there must be charges which will 
get up and go when the field is applied. Since we put no boundaries 
on our material we must have a measure of these available charges 
for every unit of volume. It does not matter what unit of volume we 
take, as long as we are consistent from beginning to end. The unit 
best suited to the ampere, the volt and the ohm happens to be the 
cubic meter. We shall call the average number of available charges 
per cubic meter the concentration, and use n as its symbol. Clearly 


(13) 


This is only a numerical count. To obtain a charge count, we must 
use » to multiply the charge on each, g, which in an actual numerical 
computation would be expressed in coulombs. So now we know that 


ox ng (13’) 


and the product ng is expressed in coulombs per cubic meter. The ex- 
tent to which these charges are permitted to move by the lattice is 
the other factor which determines the conductivity. The measure of 
their mobility is the average terminal velocity they can attain for a 
given value of the field. In other words, the faster the charges suc- 
ceed in moving inside the material, the more mobile they are. Thus, 
the mobility is a characteristic of the material: 


p=v/E, 


(14) 


We can now state that 


o=ngu. (15) 


Concentration and mobility are the electrical words which tell us 
what’s in a material and how it is arranged, for purposes of electrical 
behavior in a circuit or in a device. Equation (15) is entirely general, 
applicable to positive and negative charges in solids, liquids and 
gases. When both types of charges are present to conduct 


= (15’) 


At this point we may progress from knowledge to control, from 
science to technology, from study to service. If we can control con- 
centration and mobility in a material, especially if we can vary them 
in different portions of a block of the stuff, we can tailor-make 
materials to perform for us many of the functions achieved previ- 
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ously only in our externally connected individual components. This 
“break-through” has given us the transistor, and will lead us to 
goals such as the storage of information and the fabrication of an 
entire circuit in a predesigned molecular array. 

Lest we think such an attainment is spectacular, we must pause to 
remember that nature did it eons ago, because each cell contains the 
entire pattern of the corresponding organism’s development. 

Let us now use our “inside information” to take ourselves back 
out. Starting with 


o=ngu (15) 


we proceed with 


= (ng) (uF) 


and transform as follows: 


J =nqv 
JA=(ng)(L/t)A 
I=(Q/vol.)(LA/t). 


(16) 


This is the defining equation for the current with which we begin 
the study of electricity in motion. 

We now know that the inner picture is consistent with the outer 
one, but we have also seen that the analysis of interior phenomena 
yields information undetected by exclusively external measurements. 
Experimental verification of these concepts is obtained in measuring 
the conductivity as a function of temperature, electric field, magnetic 
field, incident light, and many other environmental factors, and 
analyzing the rates of change. 


DESIGN SHOWN FOR SHUTTLE TO EARTH SATELLITES 


A bell-shaped design for an astronaut shuttle between space stations and the 
earth was outlined at the annual West Coast meeting of the American Astro- 
nauticial Society. 

E. F. Styer of Boeing Airplane Company’s Aero-Space Division said his in- 
vestigation of possible vehicles for from one to 50 passengers showed the bell 
shape was structurally simpler and required less weight per crew members than 
glide vehicles. 

Mr. Styer said the bell-shaped vehicle could have small control flaps and 
would use small rockets for establishing desired re-entry conditions. Parachutes 
and inflatable impact bags would be used for landing. 

His studies were made of vehicles re-entering the atmosphere at more than 
six miles a second—about the speed of vehicles returning from the moon, other 
planets or distant earth satellites. 
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The Bridge 
A High School Journal of Science and Mathematics 


Charles W. Stonebarger 


Science Teacher, University Lake School, Hartland, Wisconsin 


Literary magazines and school newspapers are widely published in 
American high schools, and there is certainly little question as to their 
value in fostering various language arts skills among their editors 
and contributors as well as adding to the prestige that the develop- 
ment of such skills can command. In addition, any such media of 
communication has or can have a definite role in shaping the com- 
mon values of the group to whom it is addressed. For the science- 
minded high school student however, there has been little oppor- 
tunity or incentive to present the results of his work in any such 
media. This prevails, in spite of the fact that in the adult world sci- 
ence publications of both a technical and a popular nature are wide- 
spread indeed. Any student who does enter professionally into any 
scientific field will almost certainly be required to spend a fair pro- 
portion of his time communicating in writing the results of his work 
to his superiors and his professional colleagues, if not the public at 
large. 

Why is it then that poems, short stories, essays, cartoons, etc. by 
young people are considered deserving of encouragement and pub- 
lication but that articles of a scientific nature, reports of experi- 
mental work, more or less original thoughts on science or mathe- 
matics in any form are often not even produced, much less con- 
sidered for school publications? The reasons for this difference un- 
doubtedly go deep into our cultural history, reflecting the still widely 
misunderstood “‘battle’’ between the sciences and the humanities. 
Be that as it may, last year the author believed that it was time some- 
thing was done in our school to fill this void. Accordingly we launched 
a new publication: The Bridge, A Journal of Science and Mathematics. 
This article will report on the success of this venture. 

In a thoroughly undemocratic way perhaps, the writer chose the 
first student editor himself. He also selected the name of the publica- 
tion. Much of the job of editing the first two issues was done per- 
sonally. The name was chosen as a symbo! of what it was hoped the 
magazine would in its own small way become: a bridge between the 
sciences and the humanities; between the students and the parents; 
between the embryo and the professional scientist in our community; 
between the everyday world of the students and the highly abstract 
and powerful world of modern science; carry the symbolism as far as 
you like. 
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Although we are quite a small (66 students) and quite a new (our 
2nd year of operation) school, the problem of getting sufficient ma- 
terial of decent quality from the student body proved to be sur- 
prisingly easy. In a few cases outstanding assignments from regular 
science classes were felt worthy of wider readership and recognition, 
but in most instances we simply approached students whom we knew 
were doing some reading or project work outside of the regular classes 
and asked them if they would like to submit something of interest to 
them and presumably to their fellow students to our new journal. 
The purpose of the publication and directions for preparing the article 
were explained. In almost every case (with a little deadline prodding) 
a respectable group of articles was received. 

In our first issue, for instance, we published the following major 
articles: “Number Systems,” a pretty remarkable piece of work by 
an 8th grade girl in which she explains, with illustrations, the prin- 
ciples and computational practice involved in three different number 
systems—our decimal system and two which she invented herself. 
Her first invention was based on four digits and her second was the 
standard binary system which, however, she had come to independ- 
ently after having read the first chapter of Lancelot Hogben’s stimu- 
lating little book on The Wonderful World of Mathematics. 

“Skulls Can Talk,’”’ was another article of this issue written by a 
10th grade boy and based on an entry he had submitted to the local 
science fair, of mounted skulls of local birds and mammals. “ULS 
Weather Station,” by an 8th grade boy, recounted briefly the pur- 
poses and techniques used in a newly established weather station 
that the 8th grade class had constructed. ‘Energy Symposium,” by 
eight members of the 9th grade class, was made up of excerpts from 
special research reports that each member of the class had prepared 
on selected energy transformations that occur in our world. The eight 
articles were tied together, with a diagram designed to bring out the 
fundamental nature of the first and second laws of thermodynamics. 
“Sediment In the Bark River,” a technical report of a study made 
by a number of 8th graders on the amount of sediment carried away- 
each year by a local river, contained data from two samples taken in 
the spring and the fall. There were also a group of book reports, 
mathematical puzzles, etc. 

Our second issue, published this Christmas, was similar in that it 
covered a great range of subjects. The most outstanding article in 
this issue was ‘‘Hunting Nebulae’’ an account by an 8th grade boy 
of the difficulties and rewards of star gazing. In his own work over 
the past three years he had traced down 53 nebulae. It has occurred 
to us since then, that stimulating and valuable though this boy’s 
experiences have been in astronomy, they are not the type of thing 
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that would make much of an impression on the usual science fair 
jury and consequently, aside from the satisfaction of the thing itself, 
are not often rewarded by any appropriate school or community 
recognition. Our magazine, we believe, filled an important niche here 
as an outlet for just such achievement. 

Other articles in this issue included: ‘‘Project Ozma,” a report on 
the proposed attempt to establish communications with intelligent 
beings on another planet; ‘“‘Earth, Air & Water,” a group of diagrams 
tracing back common objects to their origins in raw materials; 
““Mushroom Hunting,” report of a project on same and the making of 
spore prints. 

Financial and time considerations made it impractical to print 
the magazine so that both issues have been hectographed, each con- 
taining approximately 35 pages. In the second issue we attempted to 
enliven the magazine by way of art work. Many of the students be- 
came quickly adept at doing two and three color master sheets and 
through this media we are able to reach and interest a number of 
heretofore science-shy students in the subject matter of the articles 
and subsequently in their own science classes. 

How was the magazine received? Certainly very well indeed by 
many of the parents and by the staff. As yet it is difficult to be cer- 
tain how successful it has been with the student body as a whole. 
For the students who did contribute work (and in a school our size, 
over half the student body had something published in one of the two 
issues) there was satisfaction as judged by their willingness to sub- 
mit more material toward future issues. All in all, it can be said that 
our experience thus far has been encouraging. 

One of the other ways in which we hoped this venture could 
bridge distances was between school and school. To that end, a 
number of copies were sent out to various schools in our neighborhood 
and across the country in the hope that others would be doing some- 
thing similar and that we could then set up an exchange arrange- 
ment, enter into a kind of friendly competition for excellence even. 
Are there other schools doing anything like this? As yet we have not 
discovered any. Perhaps through SCHOOL SCIENCE AND MATHEMATICS 
we will reach them or stimulate others to try an idea like this and 
then set up such an exchange to our mutual benefit. 


UNIVERSE REPORTED TO BE MILLION BILLION YEARS OLD 


The universe may be a million billion years old, not just 12 or so billion years 
old, an astronomer has reported. 

Dr. Fritz Zwicky of Mt. Wilson and Palomar Observatories told the American 
Astronomical Society meeting that a million billion years was the least time 
required for the formation of galaxies, the vast stellar systems of which the 
earth’s Milky Way is only one of billions. 


Modernizing Science Equipment Under the National 
Defense Education Act 


Sol D. Prensky 


Fairleigh Dickinson University, Teaneck, New Jersey 


What’s cooking in the field of modernizing science equipment? The 
air is surely full of appetizing aromas, and the pot is full of bubbling 
activity, fueled by the hot fire of the liberal grants of The National 
Defense Education Act. It might be well, at this time, to take a peek 
into the pot and to consider some of the specific ingredients that are 
helping to make a nourishing concoction. 

This article aims to highlight some of the lines along which the 
powerful thrust is taking place toward acquiring modern science 
equipment for secondary schools. It will bring together some scat- 
tered sources into a list of references for further exploration. It will 
also suggest representative demonstrations illustrating an approach 
toward attaining a more vivid and clearer presentation of science 
principles in the classroom, by means of the use of modern electronic 
equipment. 

The outstanding prime mover of this burst of activity, as we all 
know, is the Title 3 provision of the National Defense Education 
Act, which provides grants totaling a round figure of $300,000,000 
(to match an additional 300 million by the states) over a period of 
four years, to aid the 27,000 public high schools throughout the 
country in acquiring additional modern equipment for science, 
mathematics and foreign languages. Now in its second year of opera- 
tion, the program is acquiring momentum after the understandably 
ponderous start in 1959, during which the ground work had to be pre- 
pared for the administration and distribution of these liberal funds. 

The first year’s report on Sept. 1, 1959 by Dr. Lawrence G. Der- 
thick, Federal Education Commissioner, showed $33,748,097 in fed- 
eral funds certified for distribution for approved purchase plans in 
forty-nine states. This represents mostly preparation or ‘“‘tooling-up”’ 
activity, and as the individual schools fit into the various state ar- 
rangements, the yearly total is expected to catch up with the 75 mil- 
lion of Federal funds available for each of the four years. Reference 
#1, cited below in the List of References at the end of the article, 
is a government pamphlet giving the provisions of the act and ex- 
plaining the broad outline of its methods of administration. 

Even before the passage of the National Defense Education Act, 
most of us had heard of the formation of the Physical Science Study 
Committee at MIT, financed by the National Science Foundation 
and others. This wonderfully expert group has been pouring out ac- 
complishments at a great rate, and their excellent published material 
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has reached gold-mine proportions. A new non-profit corporation, 
the Educational Services Inc., has been established by them to make 
this valuable material available to the nation’s high schools—both to 
the schools experimenting with their new Physics course (now num- 
bering in the hundreds), and to all the rest of the secondary-schools 
in the nation who can profit by their approach to modern Physics 
teaching. Their news publication (Reference #2) is the PSSC News 
Letter. Each issue gives details of the presently available material, 
including the four volumes of their experimental Physics text, the 
laboratory manuals for each of the four text volumes, and their sup- 
plementary aids in the form of excellently prepared paper-covered 
Science Monographs for fruitful outside student reading, together 
with an ambitious moving-picture film program. 

Coming back to the activities associated with the National De- 
fense Education Act itself, there is another helpful organization, the 
Educational Facilities Laboratories, originally financed by the Ford 
Foundation, who have initiated various projects, principally in the 
field of the construction of school laboratory facilities. They report 
their activities in Reference #3. 

By far the most timely of the present practical developments is the 
appearance of a 336 page book, “‘Purchase Guide, for programs in 
Science, Mathematics, and Foreign Languages,” (Reference #4). It was 
prepared (1959) by the Council of Chief State School Officers, with 
the assistance of the above-mentioned Educational Facilities Labora- 
tories, specifically as a science document to assist teachers and ad- 
ministrators in the ‘“‘wise and economical purchase”’ of instructional 
material in junior and senior high schools. The subject listings item- 
ize equipment for each of five subjects (Biology, Chemistry, Ele- 
mentary Science, General Science, and Physics) under the categories 
of basic, standard and advanced. A solid achievement is its expertly 
prepared Master List, providing detailed specifications of over 1,000 
items (by general—and not manufacturer’s—descriptions). These, to- 
gether with other aids given, form an immensely valuable reference 
guide for intelligent selection of up-to-date science equipment. The 
great weight attached to electronic equipment in this Purchase Guide 
is discussed in greater detail below. 

Numerous other activities are in process that are not discussed 
here because of space limitations, and without any doubt there must 
be any number of other significant local developments that have not 
yet received wide-spread public attention and should be heard about. 
As an illustration of one such form of individual (as opposed to 
agency) activity, a series of articles, on “Electronics in the Class- 
room,”’ appearing periodically in the Radio-Electronics magazine 
(Reference #5), may be mentioned here. 
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Fic. A. Using electronic equipment (a vacuum-tube voltmeter, oscilloscope, 
amplifier and loud-speaker) to demonstrate the properties of sound. The students 
in general science can measure, see and hear the sound from the tuning-fork. 
Courtesy Radio-Electronics Publication. 


This series of articles emphasizes the theme of showing interesting 
ways in which electronic equipment can be employed to enhance the 
clarity of science demonstrations. Each installment describes spe- 
cific demonstrations of various science topics; some are on electrical 
topics, but a great many of the demonstrations use electronic equip- 
ment to illustrate inherently non-electrical topics in the broad field of 
science. Examples of some of the demonstration set-ups are illustrated 
in the photographs (A, B, & C) and a list is given below of the dem- 
onstration topics that have been covered in the three installments of 
this series published to date: 


ScriENCE Topics DEMONSTRATED IN “ELECTRONICS 
IN THE CLASSROOM” SERIES 


(Dates for each Part Number are given in Reference #5 
at end of article) 


Properties of Sound: observations are seen on oscilloscope, heard through loud- 
speaker, and simultaneously measured on vacuum-tube voltmeter (VTVM) 
(Part I). 

DC Resistance compared to AC Impedance, observed on VTVM, (Part I) 
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Properties of Light: observations of output of solar cells are displayed on moving- 
coil demonstration meter, with provision for making output visible on oscillo- 
scope and audible through loudspeaker, if desired; (Part II). 

Electrical Resonance, shown on VT VM and oscilloscope; (Part I) 

Properties of Heat: temperature indicated by thermistor action; and a project— 

“obtaining sound from heat”—shown by use of thermopile, simple transistor 

oscillator, oscilloscope and VT VM;; (Part III). 


Radiation Detection, using Geiger counter for visible and audible indication; 
(Part III). 


Fic. B. Producing ‘‘sound-from-heat.” The tone 
produced in the loud-speaker (and shown on the pre- 
cision oscilloscope) is the output of a simple tran- 
sistor audio oscillator energized solely by the thermo- 
electric output of the Honeywell thermopile (shown 
in inset). Courtesy Radio-Electronics Publication. 


(Additional topics are scheduled for forthcoming issues to cover air 
and water pressure, using remote indication from pressure trans- 
ducer; high-voltage (linear accelerator) effects and similar topics 
lending themselves to effective display on electronic instruments.) 

Additional sources for rewarding demonstrations and experiments 
are given in the List of References. An indication of the growing 
interest of commercial companies in meeting school needs for mod- 
ernized experiments is given in Reference #6, concerning a project 
for collecting experiments, grouped by subject, scheduled to be 
brought out by a national distributor of this type of electronic 
equipment. Two more references complete the list; Reference #7, 
an old stand-by-but still good for fresh ideas—by Dr. Sutton; and Ref- 
erence #8, a brand new one, ‘The Taylor Manual,” also sponsored 
(as was Reference #7), by the American Association of Physics 
Teachers. 


Science Equipment and NDEA 


Fic. C. High-voltage static-electricity demonstrated with the Lafayette 
Pall generator and Dumont oscillograph. Courtesy Fairleigh Dickinson 

A fitting keynote, that may well serve as a summary to this heart- 
ening activity was graphically presented by Dr. Donald G. Decker, 
president of the National Science Teachers Association. In his recent 
appeal for a continuous science program from kindergarten to high- 
school (the K-12 science program), he noted the current hit-or-miss 
science programs, particularly in the elementary and junior high- 
schools. He ended with a rousing plea to build “mansions in science, 
to include the earth sciences .. . astronomy and an understanding 
of present-day technology.” By all-present indications, his appeal, 
coming at this strategic time, is already winning wide-spread enthu- 
siastic acceptance by forward-looking science teachers. 


REFERENCE List OF DEVELOPMENTS IN 
MODERNIZING SCIENCE EQUIPMENT 


Description 


“The National Defense Education Act,” A Summary and Analysis 
of the Act, 85th Congress, 2nd Session, Committee Print, Sept. 5, 
| 1958, U. S. Gov’t Printing Office, Washington 25, D. C. 
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Ref. No. | Description 


“The Physical Science Study Committee (MIT) Newsletter,” Edu- 
| cational Services Incorporated, 164 Main St., Watertown, Mass. 


#2 


43 “First Annual Report,” July 1959-Educational Facilities Labora- 
. tories, 477 Madison Ave., New York 22, New York. 


“Purchase Guide” by Council of Chief State School Officers, with 
assistance of Educational Facilities Laboratories, 1959, ($3. 95) Ginn 
and Co., 72 Fifth Ave., New York City. 


“FE le ctronics in the Classroom”’ series of articles, by Sol D. Prensky, 
Radio-Electronics magazine, Parts I, II and III, Feb,. May 1959 and 
Mar. 1960 issues; 154 West 14 St., N. Y. 11, New York. 


“Demonstrations i in General Science and Physics with Modern Sci- 
ence Equipment”; scheduled for publication by Lafayette Electron- 
ics, 165-08 Liberty Ave., Jamaica 33, New York. 
“Demonstration Experiments in Physics,” edited by Dr. R. M. 
Sutton, McGraw-Hill, 1938. 


“The Tayler Manual,” Lehevetecy Experiments in Physics, edited 
by Prof. T. B. Brown, Addison- Wesley (1959). 


PRIZE MUSKY, LIKE TREE, REVEALS AGE BY ITS RINGS 


A fisherman can tell the age of his prize musky by counting the rings in its 
vertebrae, in its fin bones or on its scales. 

The vertebrae of a cooked muskellunge are easy to separate. The circles on the 
ends of the vertebrae can be counted as year rings, much as the rings on a stump 
are counted to tell the age of a tree. The rings will be more evident after the bones 
have dried for a time, than on the fresh vertebrae. 

A microscope is needed to count the rings in a cross section of the fin bones, 
after sawing off cross sections of the dried fins about the thickness of cardboard 
with a jeweler’s saw. Light bands in the fin bone show the winter growth and 
dark bands the summer growth in the rings in the bone. 

A microscope will be needed to count year rings on the scales. There is a wide 
summer growth and a narrow winter growth, the latter showing up as a thin 
line marking one annulus, or one year of growth. 


POLIO VACCINE BY MOUTH READY FOR MASS USE IN 1961 


Live polio virus vaccine will be available for mass inoculations in 1961. Now 
that the U. S. Public Health Service has recommended that the vaccine of Dr. 
Albert B. Sabin of the University of Cincinnati be made by potential manufac- 
turers, there will be two polio protection methods in use next year. 

The Salk vaccine administered by injection has been widely used for several 
years, while the Sabin method, a vaccine taken by mouth, has so far had mass 
tests in two U. S. cities. 

Legal regulations on live polio virus will not be completed before the end of 
the year, but the manufacturers working with technical details will be able to 
get under way before then. 


A Condensed Table of Squares 


Enoch J. Haga 
Stanislaus State College, Turlock, California 


Have you ever attempted to look-up the square of a number only 
to find that your table of squares stopped just short of the number 
required? If so, read on, for presented below is a method for con- 
densing a table of squares without sacrificing either the utility or the 
accuracy of a complete table. The chief advantage of this condensed 
table of squares, of course, is that it may be readily extended by 
hand or adding machine up to very large numbers; no computa- 
tions are involved in the construction of the table. 

Before going on, it will be necessary to recall a few facts about an 


16 
25 
36 


49 
64 
81 


100 


Notice that the /ast digits of all the squares run in the symmetrical 
series 1,4, 9, 6,5, 6,9, 4, 1. This remains true however high we ascend 
the scale of numbers. 

Observe further that each group of ten numbers and their squares 
(excepting squares of ten and multiples of ten) may be divided into 
groups of three. Note that when the last digit is dropped, the differences 
between succeeding squares in the first group is zero, in the second 
group one, and in the third group two. Then going on, for example 
between n’s 10 and 20: 


First group 14—12=2 
16—14=2 


Second group 22—19=3 
25—22=3 


Third group 32—28=4 
36—32=4 


ordinary table of squares. Here is a table of squares from 0 to 20: . 
n n® n n* 
0 0 
2 4 12 144 
3 9 13 169 hy 
4 14 196 
5 15 225 4 
6 16 6 A 
7 17 289 
J 9 19 361 4 
10 = 20 400 
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For n’s 20 to 30, the differences between the succeeding squares are 
four, five, and six. For all succeeding numbers, the differences run 
progressively higher, so that we may construct the following table: 


TABLE OF DIFFERENCES BETWEEN SUCCEEDING SQUARES 


(Omitting the last, or right-hand digits) 


d; 


10 

10 : 12 

12 K 14 

14 : 16 

16 18 

90-100 18 20 


This table may be used for finding the square of any number to 100. 
For higher numbers the table is easily extended. 


How To USE THE TABLE OF DIFFERENCES 


Recall that the last digits of all squares run in the series 1, 4, 9, 6, 5, 
6, 9, 4, 1. Thus the squares of all first and third group numbers end 
in 1, 4, or 9; the squares of all second group numbers end in 5 or 6. 
Now you are ready to rapidly calculate squares. 


Problem 1. Calculate the square of 43. 
Solution: 


1. Square 40; this is 1,600. 

2. Observe that 43 is a first group number; in fact, in the 40 series of 
numbers, it is the third number in the first group. In the Table of 
Differences, 43 falls between n’s 40-50, and in that row, under 
d;, 8 is seen to be the difference between succeeding first group 
numbers. Since 43 is the third number in the first group, it is nec- 
essary to multiply 8 by 3—already done in column 3d, of the 
Table. Therefore, to the 1,600 already obtained, add the 24 in 
this manner: 


1,600 
24 


1,840 


3. Since 43 is the third number in the first group, the last digit of its 


n’s d, 3d; | d3 3d3 
= 0-10 0 0 1 3 2 6 
10-20 2 6 3 9 4 12 
20-30 4 12 5 + 6 18 
30-40 6 18 7 21 8 24 
30 
36 
42 
48 i 
54 
60 
| 
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square must be 9 (in accordance with the series 1, 4, 9, 6, 5, 6, 
9, 4, 1). Therefore, add 9 to the previous result: 
1,840 
9 


1,849, answer. 


Problem 2: Calculate the square of 56. 


Solution: 


2. 


Square 50 and obtain 2,500. 

Observe that 56 is a second group number—the last number in the 
second group. In the Table, d, is 11, but this should be multiplied 
by 3. Then 3d2, or 33, should be added to the sum of the differ- 
ences of the first group, 3d,, or 30. Finally, as 30 and 33 is 63, add 
63 to the 2,500 already obtained: 

2,500 
63 


3,130 


. According to series, the square of 56 must end in 6. Thus 3,130 


and 6 is equal to 3,136, answer. 


Problem 3. Calculate the square of 67. 


Solution: 


1. 


The square of 60 is 3,600. 
Seven is the first digit in the third group. Hence, 
3d, = 36 
3d,.= 39 
d;= 14 


89 


Thus: ' 


3,600 
89 


4,490 


3. The square of 67 must end in 9; 4,490 and 9 is 4,499. 
4. Subtract ten from the result obtained in the above step: 4,499— 10 


= 4,489, answer. (This step is absolutely necessary for finding the 
square of any number which is in the third group; any number 
ending in 7, 8, or 9 is a third group number). 
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EVOLVING Roots FROM SQUARES 


To obtain square roots it is only necessary to reverse the process 
used to involve squares: 


Problem: What is the square root of 4,489? 
Solution: 


1. The square root must end in 3 or 7 as the square ends in 9—the 
third and seventh digit in the series 1, 4, 9, 6, 5, 6, 9, 4, 1. 

2. By observation 60 or 3,600 is less than 4,489, but 70? or 4,900 is 
more than 4,489. Therefore, the desired square root is either 63 
or 67. 

3. Test, using the Table of Differences, to see which of the two num- 
bers should be rejected: 


63 67 
3,609 3,609 
36 (3d;) 36 (3d;) 


3,969 


4. As 67 is a third group number, it is necessary to subtract 10 from 
the final sum 4,499. Then 4,499—10=4,489. Thus 67 is the 
square root of 4,489. In the case of first or second group numbers, no 
subtraction is required. 


“CLOUD BABY,” NEW CONCEPT FOR SPREAD OF DISEASE 


New research on staph, the cause of epidemics and deaths in even spic-and- 
span hospital nurseries, suggests that some babies live in a cloud of bacteria. 
The researchers call them ‘‘cloud babies” because they contaminate the air and 
infect others around them. 

“Cloud babies” may be sick themselves or merely carriers of disease. 

The new concept is an attempt to explain how staph spreads in hospital sur- 
roundings. 

The researchers say that in an enclosed, unventilated space, a cloud baby may 
act like a vaporizer and contaminate the air so that a neighboring infant breathes 
in the infection. 

Data were obtained with an apparatus that sampled air to show the spread 
of Staphylococcus aureus. The work, was reported in the American Journal of 
Diseases of Children, published here by the American Medical Association. 


732 
| 
a 39 (3ds) 

14 ( ds) 

4,499 
| 


Regular Pentagon and Quadratic Equation 


Ali R. Amir-Moéz ; 
Mathematics Department, 
Purdue University, Lafayette, Indiana 


We first discuss the power of a point with respect to a circle. Next 
we make use of it in constructing roots of a second degree equation 
with real coefficients. Then we apply the results to construct a regu- 
lar pentagon. Indeed to draw an accurate star of our flag we should 
know how to divide a circle into five equal pieces. 


Fic. 1 


1. Theorem: Let A be a point and (C) bea circle with center C (Fig. 
1). For any line through A which intersects (C) at P and Q we have 


(AP)(AQ) =d?—#?, 


where d is the distance between A and C, and r is the radius of (C). 
By (AP) and (AQ) we mean directed distances. In (Fig. 1), (AP) and 
(AQ) have the same sign. If A is inside the circle, then (A P)(AQ) is 
negative since (AP) and (AQ) have different signs (Fig. 2). 


Fic. 2 


Proof: In either case we see that the triangles APN and A MQ are 
similar and thus 


AP AN 
AM AQ” 
Therefore, considering the directions, 
(A P)(AQ)=(AM)(AN). 
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Now for A outside (C) we have 
(AM)=d-—r, and (AN)=d-+r. 
Thus 
(A P)(AQ)=a?—?’, 
For A inside (C) we may choose a direction for the line MN. It makes 
no difference whether the positive direction is from A to C or from C 


to A. In either case we get the same results. Let the positive direction 
be from A to C. Then 


(AM)=d-r, and (AN)=d-+r. 
If the positive direction is from C to A, then 
(AM)=r—d, and (AN)=-—(d+r). 


Therefore in all cases 


(AP)(AQ) 


The value of (A P)(AQ) is called the power of A with respect to (C). 


2. Theorem: If two line segments PQ and MN intersect at A such 
that 


(AP)(AQ)=(AM)(AN), 


then P, Q, M, and N are all on a circle. This is the converse of theorem 
1. We leave the proof to the reader. 


3. Geometric solution of a second degree equation: Let 
(1) ax*+bx+c=0 


have real coefficients. If x; and x2 are the roots of (1), then 


€ 
and 
a a 


Now draw two perpendicular axes with equal units (Fig. 3). Suppose 


! 
Cc 
U 
— > 
B 
i= 
Fic. 3 
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(OA) and (OB) are the roots of (1). Let (OU)=1 and (OC)=c/a. 
Then 


(OA)(OB) =(OU)(OC). 


By theorem 2 points A, B, U, and C are on a circle. To obtain x; and 
x2 we have to construct the circle through A, B, U, and C. We already 
know the position of U and C. The point K, the center of the circle, 
is on the perpendicular bisector of the line segment UC. The point K 
is also on the perpendicular bisector of AB. But if M is the midpoint 
of AB, then (OM)=(—b/2a). Thus the point of intersection of the 
perpendicular through M to the x-axis and the perpendicular bi- 
sector of UC is K. 

4. Discussion: If the circle does not intersect the x-axis, then the 
equation has no real root. If (OC) is positive and the equation has 
real roots, then A and B are both on the same side of O. If (OC) is 
negative and the equation has real roots, then A and B are on dif- 
ferent sides of O and we have a positive and a negative roct. 

5. Regular pentagon: We shall not go into computing the side of a 
regular pentagon in terms of the radius of its circumscribed circle. It 
is well known that for a given circle of radius r the sides of the in- 
scribed regular pentagon, decagon, and hexagon respectively de- 
noted by Ss, Sic, and S¢ are 


V10—275, 


Sw=— (v5-1), snd 


=f, 
We observe that 
S5? = 0, 


that is, S; is the hypotenuse of a right triangle whose other sides are 
Se and Sho. 

Now to construct S; we suppose r= 1, i.e., we choose our unit to be 
the radius of the given circle. Let Sijo=x. Then 


1), 


(2x+1)?=5. 
That is Sj is the positive root of 
(2) x?+x-—1=0. 
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Fic. 4 


Choose two perpendicular diameters of the given circle to be the x- 
axis and the y-axis (Fig. 4). We see that for (2) we have 


Comparing these with (Fig. 3) we see that U is the point of intersec- 
tion of the circle and the positive part of the y-axis, C is the point of 
intersection of the circle and the negative part of the y-axis, and M 
is at (—}, 0), ie., the midpoint of OL. Thus the circle which gives 
the roots is of center M and radius MU. This circle intersects the 


positive part of the x-axis at D. Since we are interested only in the 
positive root of (2) we get 


Therefore 


This construction is found in many books, but the way it is given 
in this note is different. 


MALARIA STILL EXISTS IN 30% OF THE AMERICAS 


Malaria still exists in about 30% of the Americas, the Pan American Health 
Organization-World Health Organization has reported. 

To date, WHO’s efforts to blot out malaria in every corner of the world have 
freed nearly 53,000,000 people from the threat of the disease in the Americas 
alone. Another 9,000,000 are in areas under surveillance to see if eradication 
methods have stamped out all the tough spots. 

Malaria is completely stamped out in Chile, the U. S. Barbados, Martinique 
and Puerto Rico. Other countries have stopped the disease in isolated areas or 
large sections. 
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Problem Department 


Conducted by Margaret F. Willerding 
San Diego College, San Diego, Calif. 


This department aims to provide problems of varying degrees of difficulty which 
will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here proposed. 
Drawings to illustrate the problem should be well done in India ink. Problems and 
solutions will be credited to their authors. Each solution or propoesd problem sent 
the Editor should have the author’s name introducing the problem or solution 
as on the following pages. 

The editor of the Department desires to serve her readers by making it interesting 
and helpful to them. Address suggestions and problems to Margaret F. Willerding, 
San Diego State College, San Diego, Calif. 


SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for solutions 
should observe the following instructions. 

1. Solutions should be in typed form, double spaced. 

2. Drawings in India ink should be on a separate page from the solution. 

3. Give the solution to the problem which you propose if you have one and 
also the source and any known references to it. 

4. In general when several solutions are correct, the one submitted in the 
best form will be used. 


LATE SOLUTIONS 
2718, 2725, 2728. Enoch J. Haga, Vacaville, Calif. 


2731. No correct solution has been offered. 


2732. Proposed by John Nayler, Calgary, Alberta, Canada. 


The inscribed circle and the three escribed circles are drawn for a scalene 
triangle. How many finite circles can then be drawn tangential to three of these 
four circles? 


Solution by C. W. Trigg, Los Angeles City College 


In general, to three circles in a plane, none of which intersects or includes 
another, there may be drawn eight tangential circles—1 circumscribing all three, 
3 circumscribing two only, 3 circumscribing one only, and 1 circumscribing none 
of the three. Hence, to four circles taken three at a time, one would expect 
8 C (4, 3) or 32 tangential circles. 

However, as shown by Feuerbach, the nine-point circle is tangent to the in- 
scribed circle and to each of the escribed circles. So, in the enumeration of the 
tangential circles, it would be counted four times. Each of the sides of the tri- 
angle would be counted seven times (as circles of infinite radius), and there are 
three imaginary circles. Hence there are only 5 finite circles that:can be drawn 
tangential to three of the four circles—the nine-point circle, the circle circum- 
scribing the three escribed circles, and the 3 circles, each one tangent to the 
inscribed circle and to a pair of escribed circles but containing none of them. 


2733. Proposed by Cecil B. Read, Wichita, Kans. 
Prove that: 


sin — sin — sin —=— - 
14 14 14 8 


Solution by the proposer 
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x=sin 6 sin 36 sin 56. 


4x cos @=2 sin 26 sin 3@ sin 50 
= (cos 3@—cos 78) sin 30. 
Now if @=2/14, from this 


Hence x=}. 

Solutions were also submitted by Alan Wayne, Baldwin, N. Y.; Brother Felix 
John, Philadelphia, Pa.; and Walter R. Talbot, Jefferson City, Mo. 
2734. No solution has been offered. 


2735. Proposed by O. F. McCrary, Raleigh, N. C. 


Arrange the digits from 1 to 9 in a triangle in such a way that when added 
each side of the triangle will total 20. How would you find how many possible 
combinations there are, that will total 20 on each side, when added? 


Solution by W. R. Talbot, Jefferson City, Mo. 


Let the sides of the triangle be PabQ, QcdR, RefP, and let us regard PbaQ, 
QbaP, and QabP as differing only trivially from PabQ. Counting the three pivot 


digits twice, the sum of the three sides is 60. The sum of the distinct digits, how- 
ever, is only 45; so the sum of the three pivot numbers is 15. Then the only 
possible pivot combinations are 915, 924, 816, 825, 834, 726, 735, 645. 

For pivots 735, the sides are 7ab3, 3cd5, 5ef7 where a+6=10, c+d=12, e+/ 
=8 and the letters represent the numbers 1, 2, 4, 6, 8, 9 in some order. Noting 
that 12 must be 8+-4, we find that 10 must be 9+1 and 8 is 6+-2. The triangle is 
7913, 3845, 5627. 

For pivots 825, we have 8ab2, 2cd5, 5ef8. Here a+b=10, c+d=13, e+f=7 
and the letters are 1, 3, 4, 6, 7, 9 in some order. We may have 13=9+4 in which 
case 10 must be 7+3 and 7 is 6+1 or we may have 13=7+-6, in which case 10 
must be 9+1 and 7 is 4+3. The two triangles are 8732, 2945, 5618 and 8912, 
2765, 5438. 

Proceeding in this manner we find the pivots 924, 816, 834, and 726 require 
impossible combinations, but for the others we find the triangles 


6914, 4835, 5726 6734, 4925, 5816 
9731, 1865, 5429. 
There are, then, 6 essentially different triangles. 
A solution was also submitted by Enoch Haga, Vacaville, Calif. 
2736. The problem as stated contained a typographical error. The ratio involved 
should have read 


AF/FB=(a+c)/(c+b). 


S-5. Proposed by Brother Norbert, Chicago, Ill. 


If the hypotenuse of two right triangles are equal, and the four sides are un- 
equal in a given order, then the respective angles opposite the sides are unequal 
in the same order. 
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Solution by Kevin Davis, Mt. Lebanon High School, Pittsburgh, Pa. 
An Explanation of Hypothesis 


I made XC my longest leg, and XZ>ZY. CY is the shortest leg of all four 
legs because: 


Statements Reasons 


.XC4+YVC=Xy? 1. The square of the hypotenuse of a rt.A =the 
XZ?*4+ZV2=XY? | sum of the squares of the legs. 


| 2. Substitution. 

| 3. By hyp. 


| 4. Squares of unequals are unequal in the same 

order. 

<Z . If unequals are subtracted from equals, the 
differences are unequal in the opposite order. 


<ZY 


| 
| 
| 
| 
_ 6. Square roots of unequals are unequal in the 


same order. 


x 


\ 
\ 


2 
y 


Hyp.: X¥ is the hypotenuse of 2 rt. As, XCY and XZY. XC >XZ>ZY >CY. 
Coa: 


Plan: If unequals are divided by equals, the quotients are unequal in the same 
order. 


Statements Reasons 
. XY is the hypotenuse of 2 | 1. By hyp. 
rt. As, XCY and XZY. | 
XC >XZ>ZY >CY. 


. Circumscribe © O around . The locus of the vertex of the rt. Z of a 
AXYZ and AXCY. rt. A, having a given hypotenuse is the cir- 
cle whose diameter is the hypotenuse. 


. If chords are unequal, their minor arcs are 
unequal in the same order. 


. An inscribed Z is measured by } its arc. 


. If unequals are divided by equals, the quo- 
tients are unequal in the same order. 
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S-6. No solution has been offered. 
STUDENT HONOR ROLL 
The Editor will be very happy to make special mention of classes, clubs, 
or individual students who offer solutions to problems submitted in this de- 
partment. Teachers are urged to report to the Editor such solutions. 
Editor’s Note: For a time each student contributor will receive a copy of 


the magazine in which his name appears. 
For this issue the Honor Roll appears below. 


2732, 2733. Lee Mitchell, Glencoe, Ill. 
2735. Rudolf Bartens, Kurt Charles, Richard Stowasser, Serra High School, 
Gardena, Calif. 
PROBLEMS FOR SOLUTION 

2755. Proposed by Brother Felix John, Philadelphia, Pa. 

Prove that the expression #°—bx*+cx*+dx—e will be the product of a com- 
plete square and a complete cube if 

12b/5 =9d/b=5e/c=d?/c?. 

2756. Proposed by Lee Mitchell, Glencoe, IIl. 

Find the smallest natural number which has the forms 57+1, 7n7+3, 11n++5, 
and 137+7. 
2757. Proposed by Enoch z. Haga, Vacaville, Calif. 

How many spheres each 1 inch in diameter is it possible to enclose within 
the surface area of a 12 inch (diameter) sphere? 


2758. Taken from ‘‘Mathematical Pie’’ 
Twelve tickets numbered from 1 to 12 were folded and shaken up in a box. 

They were then drawn out in pairs and the total of the two numbers for each pair 

were called out. If the totals were 4, 6, 13, 14, 20, and 21 what were the numbers 

of each pair? 

2759. Taken from “More Problematical Recreations” 


If each of the letters A, B, and C represents a particular digit, what is the 
minimum value of the whole number ABC divided by A+B+C? (The answer 
is not 1.) 


2760. Proposed by W. W. Johnson, Cleveland, Ohio. 


Find the volume of the solid formed by revolving the area bounded by y= x‘ 
—4x°+4 and the x-axis about the x-axis. 


EDITOR’S NOTE: THIS DEPARTMENT IS IN NEED OF SOME NEW 
AND INTERESTING PROBLEMS FOR SOLUTION. 


Using radioactive “tracers” that map chemical action, Oregon State College 
researchers are trying to determine how carbon dioxide given off by pears during 
storage causes the fruit core to turn brown. Radioactive carbon isotopes may be 
able to trace the carbon dioxide pattern of attack in the fruit. So-called brown 
core in pears has become a problem in recent years with the widespread use of 
sealed plastic bags for storing pears through the winter. The sealing slows down 
respiration or oxidation of the fruit and thus prolongs its life. The big problem is 
that the carbon dioxide builds up in the bag. Pear packers have solved the 
problem, in part, by punching holes in the plastic bags to permit some escape 
of carbon dioxide, but this shortens storage life of pears by about one month. 


Books and Teaching Aids Received 


SATURDAY SCIENCE, by Scientists of the Westinghouse Research Laboratories. 
1960. Cloth. 16 24 cm. 333 pages. E. P. Dutton & Company, Inc., New York. 


Puysics, FOUNDATIONS AND FRrontIERS, by George Gamow and John M. Cleve- 
land. Cloth. 1960 v—xviii+551 pages. Prentice-Hall, Inc., Englewood Cliffs, 
New Jersey. 15X23 cm. 


THINGS THAT SPIN. NUMBERS OLD AND NEw, by Irving and Ruth Adler. (The 
reason why series) Cloth. 15X21 cm. 1960. The John Day Company, Inc. 
210 Madison Avenue, New York, N. Y., $2.19 each. 48 pages. 


ELEMENTARY TEACHERS GuiIpE: To FREE CurricuLUM MATERIALS, by Edu- 
cators Progress Service. Paper. 1960. 21X27 cm. Educators Progress Service, 
Randolph, Wis. 


Tue Story oF Your Bioop, by Edith Lucie Weart. Cloth. 1960. 64 pages. 
19X20 cm. Coward-McCann, Inc., New York. 


How WE Live, by Fred G. Clark and Richard Stanton Rimanoczy. 21 X 28 cm. 
Cloth. 


TRANSFORMERS AND GENERATORS FOR POWER SysTEMs, by R. Langlois-Berthe- 
lot. Cloth. 1960. 13.5 21.5 cm. iii-xxiii+541 pages. Philosophical Library 
by Purnell and Sons Ltd., London, England. $12.00. 


CAREERS IN Puysics, by Alpheus W. Smith and Winston L. Hole. Cloth. 15x 23 
cm. iii-xii+307 pages. 1960. Long’s College Book Co., 1836 North High 
Street, Columbus, Ohio. $5.95. 


GENERAL FACILITIES AND Equipment, by Ellworth S. Obourn, Charles L. 
Koelsche, Kenneth E. Brown and Daniel W. Snader. Paper. 15X23 cm. 1960. 
iii-ix+70 pages. United States Government Printing Office, Washington, 
D.C. 


The Junior Science Book Series: JuN1oR ScIENCE Book oF FLy1NG, by Rocco V. 
Feravolo. 54 pages. JuNioR ScrENCE Book oF Stars, by Phoebe Crosby. 64 
pages. JUNIOR ScIENCE Book oF TREES, by Robert S. Lemmon. 63 pages. 
Junior ScrENCE Book oF BEAVERS, by Alexander L. Crosby. 65 pages. JUNIOR 
ScrENCE Book oF ELectricity, by Rocco V. Feravolo. 61 pages. All 15X23 
cm. 1960. The Garrard Press, 510 North Hickory, Champaign, Illinois. $2.25. 


PROVIDING FOR INDIVIDUAL DIFFERENCES IN THE ELEMENTARY SCHOOL, by 
Norma E. Cutts and Nicholas Moseley. Cloth. 1960. 1421 cm. Prentice-Hall, 
Inc., Englewood Cliffs, N. J. v-x+273 pages. $6.65. 


Basic CARRIER TELEPHONY, by David Talley. Cloth. 170 pages. 15X23 cm. 
John F. Rider Publisher, Inc., New York N. Y. $4.25 price. 


HANDBUCH DER SCHULMATHEMATIK, by Dr. Georg Wolfi. Paper. 1724 cm. 295 
pages. 1960. 


THE Mosite MANUAL FoR RApio AMATEURS, by The American Radio Relay 
League Inc., Paper. 282 pages. 1624 cm. 1960. The American Radio Relay 
League, Inc., West Hartford, Conn. $2.50. 


EVERYDAY GENERAL MATHEMATICS, by Betz, Miller, Miller, Mitchell, and 
Taylor. Cloth. 15X23 cm. iii-xi+468 pages. Ginn and Company, Statler, 
Building, Boston 17, Mass. $4.17. 


ScriENCE EXPERIMENTER No. 557 and 563. Both Paper. 192 and 182 pages. Both 
17X24 cm. 1958 and 1959. Science and Mechanics Publishing Company, 450 
East Ohio Street, Chicago 11, Illinois. 75 cents each. 
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BEeyonp Mars, by William Nephew and Michael Chester. Paper. 16X21 cm. 
1960. 72 pages. G. P. Putnam’s Sons, 210 Madison Ave., New York City. 
$2.75. 


ANIMAL GROWTH AND DEVELOPMENT, by Maurice Sussman. Paper. 1960. 15X23 
cm. ix—xiii+114 pages. Prentice-Hall, Inc., Englewood Cliffs, New Jersey. 


INDEPENDENT Stupy, by Winslow R. Hatch and Ann Bennet. 1960. Paper. 
15X23 cm. iii-v+ 36 pages. United States Government Printing Office, Wash- 
ington. 25 cents. 


EFFECTIVENESS IN TEACHING, by Winslow R. Hatch and Ann Bennet. in-v+28 
pages. 1960. Paper. United States Government Printing Office, Washington. 
20 cents. 


Puysics 1s Fun, by G. Niese. Cloth. 14X21 cm. v+150 pages. 1960. Astro- 
Computing Books, Box 5540, Washington 16, D. C., $2.95. 


MECHANICS AND PROPERTIES OF MATTER, by Reginald J. Stephenson. Cloth. 
1960. 15X23 cm. v-x+367 pages. John Wiley & Sons, Inc., 440 Fourth 
Avenue, New York, 16 N. Y. $7.50. 


MopERN Business MATHEMATICS, by Beighey and Borchardt. Paper. 1960. 
22X28 cm. 216 pages. Gregg Publishing Division, McGraw-Hill Book Com- 
pany, Inc., 330 West 42nd St., New York, N. Y. $3.25. 


From Atoms To Stars!, by Theodore A. Ashford. Cloth. 1824.5 cm. v—ix+ 
645 pages. 1960. Holt, Rinehart and Winston, Inc., New York. 


ENERGIES OF THE UNIVERSE, by Eugene Fritz. Cloth. 1960. 14X21 cm. 124 
pages. Philosophical Library, Inc., 15 East 40th Street, New York 16, N. Y. 
$4.75. 


ALGEBRA FOR COMMERCE AND LIBERAL Arts, by Bettinger and Dwyer. Cloth. ° 
1960. 15X23 cm. v—-xii+243 pages. Pitman Publishing Corporation, New 
York. 


MATHEMATICS FOR Success, by Potter, Neitzel, Root and Enright. 1960. Cloth. 
15X23 cm. iii-viii+455 pages. Ginn and Company, Statler Building, Boston 
17, Mass. $4.00. 

ANIMAL SPECIES AND THEIR EVOLUTION, by A. J. Cain. 1960. Paper. 13X20 cm. 
vii-ix+190 pages. Harper & Brothers, New York. $1.35. 


Reptites: Lire History, EVOLUTION, AND STRUCTURE, by Angus d’A. Bellairs. 
Paper. 1960. 1320 cm. 192 pages. Harper & Brothers, New York. $1.35. 


Tue Space EncyLopaepia, by M. T. Bizony, General Editor. 1960. Cloth. 
16X24 cm. 288 pages. E. P. Dutton & Co., Inc., New York. 


AN INTRODUCTION TO THE THEORY OF NUMBERS, by Ivan Niven and Herbert S. 
Zuckerman. Cloth. 1960. 1523 cm. vii+250 pages. John Wiley & Sons, Inc., 
440 Fourth Avenue, New York 16, N. Y. $6.25. 


Botany, by M. K. Hage, Jr., and M. Vere DeVault. Cloth. 1960. 15X21 cm. 
48 pages. The Steck Company, Austin, Texas. $1.75. 


THE SEARCH FOR ORDER, by Cecil J. Schneer. 1960. Cloth. 14X21 cm. xvii+398 
pages. Harper & Brothers, 49 East 33rd Street, New York 16, N. Y. $4.50. 


ENGINEERING MATHEMATICS, by J. Blakey & M. Hutton. Cloth. 1960. 14x22 
cm. 603 pages. Philosophical Library. New York. $10.00. 


Tue TRvuE Book oF PLANT EXPERIMENTS, by Illa Podendorf. Cloth. 1960. 17X21 
cm. Childrens Press, Chicago. $2.00. 
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Tue CEL, by Carl P. Swanson. Paper. 1960. 15X23 cm. ix-xiii. 114 pages. 
Prentice-Hall, Inc., Englewood Cliffs, New Jersey. 


Macic: House oF NUMBERS, by Irving Adler. 10X18 cm. 123 pages. Paper. 
1958. The New American Library of World Literature, Inc,. 501 Madison Ave., 
New York 22, N. Y. 35 cents. 


INGENIOUS MATHEMATICAL PROBLEMS AND METHODS, by L. A. Graham. Paper. 
1959. 14X20 cm. v—vii+237 pages. Dover Publications, Inc., 180 Varick 
Street, New York 14, N. Y. $1.45. 


SUPPLEMENTARY UNITS IN CONTEMPORARY ARITHMETIC AND ELEMENTARY 
ALGEBRA, by Edwin I. Stein. Paper. 21X26 cm. 74 pages. D. Van Nostrand 
Company, Inc., Princeton, New Jersey. $1.00. 


OnE HUNDRED AND ONE SCIENCE EXPERIMENTS, by Illa Pondendorf. Cloth. 
1960, 157 pages, 21X27 cm. Children’s Press, Chicago. $4.50. 


THE SKELETON KEy oF MATHEMATICS, by D. E. Littlewood. Paper. 1960. 13x 20 
cm. 138 pages. Harper and Brothers, New York. $1.25. 


THE ELEMENTARY AND JuNIOR HicH ScHoot MATHEMATICS LIBRARY, by 
Clarence Ethel Hardgrove. Paper. 1960. 1523 cm. 32 pages. National Coun- 
cil of Teachers of Mathematics, 1201 Sixteenth Street, N.W., Washington 6, 
D. C. Price 35 cents. 


Tue ScHoot MATHEMATICS LiBRARY, by William L. Schaaf. 15X23 cm. 
Paper. 1960. 36 pages. National Council of Teachers of Mathematics. Price 
40 cents. 


THE ARITHMETIC HANDBOOK, by Martin H. Ivener. 14X22 cm. Paper. 1960. 
60 pages. Martin Publishing Company, Box 251, North, Hollywood, Calif. 


PRroBLems oF Lire, by Ludwig Von Bertalanffy. Paper. 1960. 13 20 cm. v+216 
pages. Harper and Brothers, New York. $1.35. 


Tue HiGHER ARITHMETIC, by H. Davenport. 1960. Paper. 13 X 20 cm. v—vii+172 
pages. Harper Brothers, New York $1.35. 


CHEMISTRY IN THE SERVICE OF MAN, by Alexander Findlay. Paper. 1960. 13x 20 
cm. xviii+318 pages. Harper and Brothers, New York $1.75. 


POLICIES FOR SCIENCE EpucatTion. 1960 Cloth. Frederick L. Fitzpatrick, Editor. 
14X21 cm. xiii+219 pages. Bureau of Publications, Teachers College, Colum- 
bia University, New York. $3.95. 


A Suort History or Cuemistry, by J. R. Partington. Paper. 13X20 cm. xiii+ 
415 pages. Harper and Brothers, New York. $1.95. 1960. 


A Drrect Entry TO OrGANIcC CHEMISTRY, by John Read. Paper. 13X20 cm. 
1960. vii—xiii+268 pages. Harper and Brothers, New York. $1.50. 


Tue TrvuE Book or Anrmal Homes, by Illa Podendorf. Cloth. 1960. 17X21 cm. 
48 pages. Childrens Press, Chicago 7, Ill. $2.00. 


INTERMEDIATE ALGEBRA, by Francis J. Mueller. Cloth. 15X23 cm. v-x+374 
pages. 1960. Prentice-Hall, Inc., 70 Fifth Ave., New York 11, N. Y. $5.95. 


A Book or ToncuEs, by Anne Welsh Guy. Cloth. 1960. 16X25 cm. 48 pages. 
The Steck Company, Austin, Texas. $1.75. 


An INTRODUCTION TO ALGEBRA FOR COLLEGE STUDENTS, by W. A. Rutledge 
and Simon Green. Cloth. 1960. 1523 cm. ix+276 pages. Prentice-Hall, Inc., 
Englewood Cliffs, N. J. $4.95. 
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POLICIES FOR SCIENCE Epucation, by Frederick L. Fitzpatrick, Editor. Cloth. 
1960. 1421 cm. xiii+219 pages. Bureau of Publications, Teachers College, 
Columbia University, New York. $3.95. 


RinGs oF Continuous Functions, by Leonard Gillman and Meyer Jerison. 
Cloth. 1960. 1523 cm. viii+300 pages. D. Van Nostrand Company, Inc., 
120 Alexander Street, Princeton, New Jersey. $8.75. 


Tue LonG SEARCH FOR THE TRUTH ABOUT CANCER, by Mark Boesch. Cloth. 
1960. 14X21 cm. 316 pages. G. P. Putnam’s Sons, 210 Madison, Ave., New 
York City. $4.95. 


A StrucTURE OF SCIENCE, by Joseph H. Simons. Cloth. 1960. 1422 cm. 269 
pages. Philosophical Library, Inc., 15 East 40th Street, New York. $4.75. 


Foop Cuemistry, by Lillian Hoagland Meyer. Cloth. 1960. 15X23 cm. xiv+385 
pages. Reinhold College Textbook Department, 430 Park Ave., Néw York 22, 
N. Y. $6.75. 


THE PRocEss OF EpuCATION, by Jerome S. Bruner. Cloth. 97 pages. 19.513 cm. 
1960. Harvard University Press, Cambridge 38, Massachusetts. Price $2.75. 


Str Isaac NEwTon, by W. Robert Houston and M. Vere DeVault. Cloth. 48 
pages. 21.514 cm. 1960. The Steck Company, Austin, Texas. Price $1.75. 


StupDIES IN MATHEMATICS EpucaTIon. A brief survey of improvement programs 
for school mathematics. Paper. 71 pages. 21.5 13.5 cm. 1960. Scott, Fores- 
man and Company, 


OPTICS OF THE ELECTROMAGNETIC SPECTRUM, by C. L. Andrews, State University 
of New York. Cloth. x+501 pages. 2314.5 cm. 1960. Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey. Trade Edition $12.00. Classroom Edition $9.00. 


MAGNETIC AMPLIFIERS—Principles and Applications, by Paul Mali. Paper. 112 
pages. 21X13 cm. 1960. John F. Rider Publisher, Inc., 116 W. 14 Street, New 
York, New York. Price $2.45. 


MATHEMATICAL SNAPSHOTS, by H. Steinhaus. Cloth. 328 pages. 21.513 cm 
1960. Oxford University Press, 417 Fifth Avenue, New York 16, New York 
Price $6.75. 


ANIMAL Puysrio.ocy, by Knut Schmidt-Nielsen, Duke University. Cloth. ix+118 
pages. 23X15 cm. 1960. Prentice-Hall, Inc., Englewood Cliffs, New Jersey. 


NevutTRON DeEteEcTION, by W. D. Allen, B.Sc., D.Phil. Cloth. 260 pages. .21.5 13 
cm. 1960. Philosophical Library Inc., 15 East Fortieth Street, New York 16, 
New York. Price $10.00. 


THE NATIONAL DEFENSE STUDENT LOAN ProGRAM. Basic Facts. Paper. 11 
pages. 15X23 cm. 1960. U. S. Department of Health, Education, and Welfare, 
Office of Education, Washington, D. C. 


PRINCIPLES AND PROCEDURES OF CURRICULUM DEVELOPMENT. Paper. 20 X26 cm. 
1960. U. S. Department of Health, Education, and Welfare, Office of Educa- 
tion, Washington, D. C. 


EDUCATION IN Honc Kong, by Marcia T. Berrien, Research Assistant, Far East 
and Robert D. Barendsen, Specialist in Comparative Education, Far Eastern 
Countries. Paper. 40 pages. 26X20 cm. 1960. U. S. Department of Health, 
Education, and Welfare, Office of Education, Division of International Educa- 
tion, Washington 25, D. C. 


APPROVAL AND ACCREDITATION OF PUBLIC ScHOOLS, by William B. Rich, Spe- 
cialist for State Education Programs. Paper. 40 pages. 23.5X28.5 cm. 1960. 
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U. S. Department of Health, Education, and Welfare, Office of Education, 
Washington, D. C. 


HEALTH, EDUCATION, AND WELFARE TRENDS. Paper. 20 X 26.5 cm. U. S. Depart- 
ment of Health, Education, and Welfare, Washington 25, D. C. 


GREGG NOTEHAND, by Louis A. Leslie, Charles E. Zoubek, and James Deese. 
Cloth. 320 pages. 24.518 cm. 1960. McGraw-Hill Book Company, Inc. 330 
West 42nd Street, New York 36, New York. Price $4.48. 

Teacher’s Guide for Gregg Notehand. Paper. 40 pages. 24.5 18.5 cm. 


Count Dowy, by C. B. Colby. Cloth. 26.518 cm. 48 pages. 1960. Coward- 
McCann, Inc., 210 Madison Avenue, New York. Price $2.25. 


RAYs AND RADIATION, by Robert Scharff. Cloth. 21.514 cm. 72 pages. 1960. 
G. P. Putnam’s Sons, 210 Madison Avenue, New York, New York. Price $2.75. 


CAREERS IN THE AMERICAN RAILROAD INDusTRY, by Charles O. Morgret. Paper. 
32 pages. 23X15 cm. 1960. Bellman Publishing Company, Cambridge 38, 
Massachusetts. 


How To CuHoose Your TEcHNICAL INsTITUTE, by Walter M. Hartung and 
George W. Brush, Jr. Paper. 23X15 cm. 30 pages. 1960. Bellman Publishing 
Company, Cambridge 38, Mass. 


From Atoms To Stars, by Theodore A. Ashford, St. Louis University. Cloth. 
Pages ix+645. 24.517 cm. 1960. Henry Holt and Company, 383 Madison 
Avenue, New York 17, New York. Price $8.50. 


SmitH’s CoLLeEGE CHeEmistry, 7th Edition, by William F. Ehret, New York 
University. Cloth. Pages viii+947+xiii. 23.5X15.5 cm. 1960. Appleton- 


Century-Crofts, Inc. 35 West 32nd Street, New York 1, New York. Price 
$7.75. 


KEEPING Time, by Walter Buehr. Cloth. 94 pages. 21.5X16 cm. 1960. G. P. 
Putnam’s Sons, 210 Madison Ave., New York City. Price $3.00. 


Friytnc Saucers: Top Secret, by Major Donald E. Keyhoe, U. S. Marine 
Corps, Retired. Cloth. 283 pages. 2014 cm. 1960. G. P. Putnam’s Sons, 210 
Madison Ave., New York City, Price $3.95. 


ROCKETS OF THE ARMY, by Erik Bergaust. Cloth. 48 pages. 26.5 18.5 cm. 1960. 
G. P. Putnam’s Sons, 210 Madison Ave., New York City. Price $2.50. 


ArrospaAce Dictionary, by Frank Gaynor. Cloth. 260 pages. 22.515 cm. 
1960. Philosophical Library, Inc. 15 East 40th Street, New York 16, New 
York. Price $6.00. 


INTRODUCTION TO COLLEGE Puysics, Second Edition, by Rogers D. Rusk, 
Mount Holyoke College. Cloth. Pages xi+944. 23.515.5 cm. 1960. Appleton- 
Century-Crofts, Inc., 35 West 32nd Street, New York 1, New York. Price 
$8.00. 


MATHEMATICS SERIES. All paper. All 20X13 cm. 1960. Dover Publications, Inc., 
180 Varick Street, New York 14, New York. 

STATISTICS MANUAL, by Edwin L. Crow, Frances A. Davis, Margaret W. 
Maxfield. Pages xvii+288+15. Price $1.55. 

ALGEBRAS AND THEIR ARITHMETICS, by Leonard Eugene Dickson. Pages 
xii+241+15. Price $1.35. 

CoorRDINATE GEOMETRY, by Luther Pfahler Eisenhart. Pages xi+298+15. 
Price $1.65. 

DIFFERENTIAL EQUATIONS FOR ENGINEERS, by Philip Franklin. Pages 
vi+299+-15. Price $1.65. 

THe APPLICATIONS OF ELtiptic Functions, by Alfred George Greenhill. 
Pages xi+357+15. 
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THE Wortp Book Encyc.openia. Cloth. 18.525 cm. 20 volumes. 1960. Total 
pages, 10,623. Field Enterprises Educational Corporation, Merchandise Mart 
Plaza, Chicago 54, Illinois. 


During the period slnce World War II, there has been a movement in the 
United States according to many, best described as “return to wisdom.” The 
return has been accompanied by a vast flood of educational publications most of 
them designed as conveyance for that return. The publications have run the 
gamut from paper-bound pamphlets dealing with “important subjects” to the 
most ambitious efforts of all, the encyclopedias. In the latters category, there 
have appeared many new specialized varieties, among them those for science, 
mathematics, and social studies. These encyclopedias are designed for maturity 
levels ranging almost from the non-reader to the erudite scholar. Some are 
obviously nothing but “‘pot-boilers’” designed to “ride the gravy train.” Many, 
of course, represent serious efforts of serious people to produce a publication that 
renders a real educational service. The World Book Encyclopedia obviously must 
be included in this latter category. 

The reviewer has had the opportunity to evaluate a number of encyclopedic 
publications. Each has had to be evaluated on a somewhat different basis, 
especially since this journal is designed chiefly for teachers of science and mathe- 
matics. As a result of these efforts a number of criteria in the form of questions 
have been established for undertaking such reviews. Among them are the fol- 
lowing: 

1. Does the encyclopedia seem to accomplish what the publishers claim for it? 

2. Does the encyclopedia seem to serve the special purposes of the organiza- 
tion or group that the reviewer represents? 

3. For what level of maturity does the encyclopedia seem most suitable? 

4. How does it “stand up” when used? 


A review of a book involves chiefly the reputation and opinions of the reviewer, 
with prognostications of the acceptance by the reading clientele. It would, of 
course, be impossible for any one person to review an encyclopaedia adequately 
because of the material from the vast number of disciplines it is expected to 
cover. Therefore, the World Book Encyclopedia was used as a reference at 
Western Michigan University during the summer session 1960 for the Summer 
Institute for Teachers of Junior High School Science and the Summer Science 
Training Program for High-Ability Secondary School Students. Also a number 
of the science instructors used it from time to time as a general reference. 

The World Book Encyclopedia consists of 20 volumes. At first the disparity of 
the sizes of the volumes may cause some wonder. However, most of the volumes 
are confined to entries under one letter such as A, B, and C, Five volumes con- 
tain entries under more than one letter, namely, JK, NO, OR, UV, and WXYZ. 
Volume 20 is the Reading And Study Guide. The edition available to the reviewer 
had a sturdy red binding that was printed in blue and gold. There is no question 
about its attractiveness. The printing is on a high quality glossy paper and is 
extremely readable. The center headings and side headings are in a heavy black 
boldface type making them easily identifiable. There is an extensive system of 
cross referencing of articles from one section of the encyclopedia to other sec- 
tions, as well as listings of related articles. For example at the end of the article 
on Bluffton College is the cross-reference “‘ . . . see UNIVERSITIES AND COLLEGES 
(table).”” At the end of the article on Boer War is found the statement,” Related 
Articles in World Book include Boer, Jameson, Sir Leander Starr... . ” 

The entire encyclopedia is profusely illustrated with all kinds of pictures and 
diagrams both colored and black and white. Some are of the expensive trans- 
vision variety. 

Volume 20, the Reading and Study Guide is more than an index. It converts 
the encyclopedia from a compendium into a reading aid. The Guide contains in- 
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formation concerning how to use the volumes studying various areas of culture 
such as “Industry and Trade,” “Mathematics,” and “Painting.” There are, of 
course, many features other than those mentioned here such as the “ Pronuncia- 
tion Guide” that increase its usability. 

In terms of the questions in the criteria, the instructors and students who used 
the book answered in the affirmative. In general it would be difficult to challenge 
the claims made by the publisher, The sciences and mathematics are adequately 
covered with up-to-date information. 

The publishers claim that the “articles are interestingly written and edited to 
meet the needs of students at the level where the topic is generally studied.” The 
reviewer must challenge this point as being overstated. There are probably few 
topics that are generally studied any place. An effort to elicit the opinions of the 
instructors and students indicates that the span where it may be used optimally 
is from about the upper elementary through the high school although there are 
sections too numerous to mention serve all levels of readers. 

When it was used for a source of specific information in science by the reviewer, 
it “stood up.” The information was there. 

It is difficult to give anything but praise to this publication. There is ample 
evidence that its popularity is justly merited. 

GeorGE G, MALLINSON 


FUNDAMENTALS OF PuysicaL Science, by Konrad Bates Krauskopf. Cloth. 
653+v-vii pages. 1959. 23X16 cm. McGraw-Hill Book Company, Inc., New 
York, N. Y. 


Fundamentals of Physical Science is written for a course designed to meet the 
requirements of non-science majors in liberal education. The organization of the 
textbook is not unlike that of most books of this type. It is divided into six parts: 
The Solar System, Matter and Energy, The Structure of Matter, Fundamental 
Processes, the Biography of the Earth, and Stars and Galaxies. 

The book is well written and complete. One possible criticism of it is that it 
is so complete that students may have difficulty in finishing all the required 
reading and exercises in two semesters. However, as the author has indicated, 
several chapters may be deleted without serious consequence. The illustrations 
and diagrams are clear and appropriately chosen. 

The mathematical treatment of the areas considered is kept to a minimum, 
except in the chapters on mechanics. An adequate number of questions are pre- 
sented in the end-of-chapter activities; however, the number and difficulty of 
mathematical problems is limited. 

It is the opinion of the reviewer that this textbook i is.satisfactory for the course 
for which it is designed. 

J. Bryce Lockwoop 
Highland Park Junior College 
Highland Park, Michigan 
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For the college bound students 

COLLEGE PHYSICS BY SEARS AND ZEMANSKY : 
A standard introductory physics text, assuming only trigonometry. 
1024 pp, 765 illus, 3rd ed. 1960—$10.75 


PRINCIPLES OF PHYSICAL SCIENCE BY BONNER AND PHILLIPS 
A unified treatment of physics, chemistry, astronomy, and physical geology. 


736 pp, 349 illus, 1957—$8.75 
FOUNDATIONS OF MODERN PHYSICAL SCIENCE By HOLTON AND ROLLER 
An historical, philosophical, and logical approach to physics, chemistry, and astronomy. 

782 pp, 270 illus, 1958—$8.75 


and for the teacher 


THE TAYLOR MANUAL OF ADVANCED UNDERGRADUATE EXPERIMENTS IN PHYSICS 
Sponsored by the American Assn. of Physics Teachers 


A handbook of experimental techniques, ‘packed with ideas and useful information, every teaching 
physicist will want a copy on his desk.’’ (American Journal of Physics) 


550 pp., 244 illus., 1959—$9.75 
Examination copies cheerfully furnished 
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VY V ADDISON-WESLEY PUBLISHING COMPANY, INC. reading, massachusetts 


The Chemical Elements and Their Isotopes 
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A 38 page booklet in which the isotopes of the chemical elements are described 
and tabulated. The booklet discusses the properties of the elements which allows 
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“Radioactivity” are also explained in the beginning of the booklet. The tables 
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in the tables: Atomic weight, % occurrence, type of radiation, and the half-life 
of the isotopes. A periodic table and a fold-out chart which graphically displays 
the Parent and Daughter products of the four radioactive series is also included. 
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From the first day of school to high school graduation, 
young people are preparing for the responsibilities and 
privileges of our democratic way of life. Tens of thousands 
of teachers in the nation’s classrooms are dedicated to the 
painstaking process of establishing in students’ minds the 
relationship between what they learn and how they will 
live. 

As publishers of textbooks it is our responsibility and 
privilege to bind together the facts and ideas for each step 
on the stairway leading to informed citizenship. Teachers 
are the best judges of which ideas and facts should form 
the basis of young people’s formal education. The authors 
of our textbooks are teachers. Many others throughout the 
country serve as advisors and critics to help make each 
and every one of our textbooks a precision tool. 


May you, the custodians of our most precious natural re- 
source—the minds of our future citizens—use these tools 
of education with pleasure and profit. 
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WHAT IS THE ASTRONOMICAL LOCATOR? 


It explains on the equatorial sundial the standard meridian time zones of 15° originally 
devised by Dr. C. F. Dowd. 


The Locator explains problems like the above and many more. This instrument is a new 
kind of sundial transparent to show the time in north latitude whether the sun is north 
or south of the equator. 


By turning the large 12-inch disk with its OF TIME, SPACE, AND THE LOCA- 
apparent sun marker to any hour on the TOR, the booklet included in the price of 
small dial one can see readily what part of the Locator contains many original dia- 
the sky is currently overhead and which grams demonstrating difficult concepts. 
constellations along the ecliptic are in view 


at night. Detailed pictured assembly provided. 


PREMIER PLASTICS CORPORATION 
204 W. Washington St. School 
Milwaukee 4, Wis. 
Please send the following: Position .. 
0) LOCATOR with booklet, $40.00 Postpaid 

Booklet, $ 1.00 Postpaid 

OF TIME, SPACE, AND THE LOCATOR 

(J Free descriptive literature 
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WEISBRUCH-WACO 
Reagent Bottle Tray 


! 


According to SEMI-MICRO LABORA.- 
TORY EXERCISES In High School Chem- 
istry, by Fred T. Weisbruch. 


Holds complete set of student reagents in 
WACO Reagent Bottles, in rows. Made of 
hard maple and birch, a permanent piece 
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inches. Without bottles, $3.25 each ... in 
dozen lots $2.95 each. Specify Cat. No. 
S-10490-1. 


CRO APPARATUS 
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place as specialist in Apparatus for 
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for the pieces which made their 
Semi-Micro text books and man- 
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HAND FINISHED 
SPATULAS 


Perfectly shaped spatulas for 
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Glassware breakage re- 
duced, as scratching is elimi- 
nated. No. S-10115 WACO 
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Slightly dished tip to hold 
crystals. $3.10 per doz., $24.00 
per 100, 


At the price, W AC O 
Spatulas class as “Non- 
Returnables!" 


ratus, Vol. S-1. 


Write today for FREE brochures .. . 
* Complete Catalogue WACO Semimicro Appa- 


* Listing of S-M Apparatus according to SEMI- 
MICRO LABORATORY EXERCISES In High 
School Chemistry, Fred T. Weisbruch. 
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@ To promote interest in Mathematical outside 

activities on the part of pupils, we are including 
an eight page section on Mathematics—on the im- 
portance of Mathematics to individuals and pre- 
senting learning aids—in our catalog which has a 
circulation of over a half a million so that the im- 
portance of Mathematics is brought to the atten- 
tion of many people. 


Also, we offer dozens of low-cost Scientific items 
—for learning, teaching, experimentation. Watch 
our advertisements for new items. We will greatly 
appreciate it if you as a teacher will recommend 
us to pupils interested in learning aids, books, etc. 


D-STIX CONSTRUCTION KITS 


You can increase interest in geom- 
etry and teach it better by using D- 
Stix. Solid geometry is fun for pu- 
pils when you show them actual visu- 
alizations of regular polyhedrons, 
geometric figures from triangules and 
cubes through such multiple sided 
figures as icosahedrons, dodecahe- 
drons, etc. 220 pieces, 5, 6 and 8 
sleeve connectors, 2”, 3”, 4”, 5”, 6’’ 
and 8” colored D-Stix 


Stock No. 70,209- 00 in 


DEK. $3. 
370 pieces, including 5, 6 and 8 sleeve connecto 


3”, 4”, 5”, 6”, 8”, 10” and 12” D-Stix_in colors. 
Stock No, 70,210-DK $5.00 Postpaid 
452 pieces, includes all items in 70,210 above, plus long 


unpainted D-Stix for use in making your own designs 
Stock No, 70,211-DK ....... eoccccccees $7.00 Postpaid 


Offspring of Science . . . REALLY BEAUTIFUL! 


CIRCULAR DIFFRACTION-GRATING 


JEWELRY 
A Dazzling Rainbow of Color! 


This new kind of jewelry is capturing 
attention everywhere. Shimmering rain- 
bows of gemlike color in jewelry of ex- 
quisite beauty—made with CIRCULAR 
DIFFRACTION-GRATING REPLICA. 
Just as a prism breaks up light into its 
full range of individual colors, so does 
the diffraction grating. 


Stock No. 30,349-DK—Earrings 
Stock No, 30,350-DK—Cuff Links 
Stock No. 30,372-DK—Pendant 
Stock No. 30,390-DK—Tie-Clasp 


$2.75 Pstpd. 
$2.75 Pstpd. 
$2.75 Pstpd. 
$2.75 Pstpd. 


NEW! GRAPH RUBBER STAMP 


Real time and labor saver hang math 
teachers. If your tests require graph 
backgrounds—no need to attach sep- 
arate sheets of graph paper and 
worry about keeping them straight. 
Simply stamp a graph pattern, 3” 
square as needed each paper. 
Grading graph problems 

comes 100% easier. Stamps are 3” 
square Overall—2 different patterns. 


Stock No. 50,255-DK (100 blocks) $3.00 Pstpd. 


Stock No. 50,351-DK (16 blocks) $3.00 Pstpd. 
Polar Coordinate Graph Stamp—3” Diam. 


Stock No. 50,859-DK cee 


LARGE-SIZE OPAQUE PROJECTOR 


Ideal for enlarging and projecting 

drawings, photo's, formulas, etc. 

for classroom study. Low-cost unit 

takes any opaque copy up to 6” x 

6’—projects image 3% feet square 

at 6 feet, 7% feet square at 12 

feet—in true color, exact propor- 

tions. Broadens use of visual aids. 

Increases class interest. Projector 

is 11%” high, 13%” wide, 9” front 

to ~ yy pressed steel in biack wrinkle finish, bakelite 

am are 2 plano-convex, 3%” diameter, 

in 5%” barrel. Uses two 200-watt bulbs, not 

included. Complete with slide platform to hold illus- 

options, 6-ft. electric cord, heat resist. plate glass 
mirror. 


Stock No. 80,066-DK .........++++ $42.00 Postpaid 


ERECT IMAGE MICROSCOPE 
IDEAL FOR SCIENCE CLASS 


Erect image feature, extra-long working 

distance for viewing large objects, and 
simplicity of operation make this ‘scope 

right for beginning science students. 

Sturdy construction with stable horse- 

shoe base. 5X—10X and 20X Lenses and 

up to 40X with accessory objectives. All 

lenses achromatic—no rainbow effects. 

Easy to focus with rack and pinion. Rub- 

ber eyeguard and wide-diameter eye- 

piece for easy viewing. Asal tall in lowest 

position—weight Optical parts 
ons to those in $60 ‘scope. 


Stock No, 70,172-DK $19.95 Postpaid 


EDMUND DEMONSTRATION 
LENS 
| SET 
| The behavior of light as 
; it passes through each of 
these six types of basic 
lenses will give your class 
a clear understanding of one of the principles of 
physics; it will also give students a tangible lesson in 
the distinctive curvature of each type of lens. Prin- 
ciples of simple optical instruments will also be much 
easier to explain when you can illustrate these prin- 
ciples with the lenses in this set. Good quality glass 
is used in these lenses. Ground edges prevent chipping. 
Each lens is 5 centimeters, or approximately two 
inches, in diameter. Set includes: 1. convex-concave; 
2. plano-concave; 3. double concave; 4. concave-convex ; 
a plano-convex; 6. double convex. Comes in a plastic 
x. 


Stock No. 40,414-DK $5.00 Postpaid 


write FREE CATALOG—DK 


144 Pages! Over 1000 Bargains! 


America’s No. 1 source of supply for 
low-cost Science Teaching Aids, for 
experimenters, hobbyists. Complete line 
of Astronomical Telescope parts and 
assembled Telescopes. Also huge selec- 
tion of lenses, prisms, war surplus op- 
tical instruments, par‘s and acces- 
sorties. Telescopes, microscopes, satellite 
scopes, binoculars, infrared snipper- 
> math lea: and teaching 
aids. Request Catalog—“DK” 


ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER SATISFACTION GUARANTEED! 


EDMUND SCIENTIFIC CO.,carrincton, NEW JERSEY 


Please Mention School Science and Mathematics when answering Advertisements 


7 
| 1 
$3.00 Pstpd. 


A LOT OF PHYSICS 
AT A LOW COST 


A complete set of electric 
circuit experiments may be 
performed with this electri- 
cal experiment board!! 


Model No. 240-K 


Because they are carefully chosen, most parts are used in several different experiments with 
no loss in instructional value. No lost or misplaced parts—all parts are mounted. Voltmeter 
and ammeter are both high quality D’Arsonval moving coil type meters-rated accuracy, within 
2% of full-scale. 

Experiment manual contains explicit instructions for performance of the following 10 experi- 
ments: 


Series Combinations of Electric Cells 

Parallel and series-parallel combination of cells 
Ohm's Law 

Resistances in series and in parallel 
Series-Parallel Circuits 

TheResistance of Wires 

Kirchhoff’s Laws 

Extending the Range of Voltmeters 

Extending the Range of Ammeters 

Electric Power and Lamps in Series and Parallel 


F.O.B. Kingsville, Texas P.O. Box 1022—Kingsville, Texas 


CENTRAL ASSOCIATION OF SCIENCE AND MATHEMATICS TEACHERS, INC. 
APPLICATION FOR MEMBERSHIP 


I hereby apply for membership in the Central Association of Science and Mathematics Teachers, 
Inc., and enclose $5.00 for annual re ere t dues, which includes one year’s subscription to 
SCHOOL SCIENCE AND MATHEMATICS. I will receive nine issues of this journal, none 
being published in July, August or September. (Subscriptions beginning with January issue 
expire with December; with October issue expire with June.) 


Begin: JANUARY (J Begin: OCTOBER (J 
(PLEASE PRINT} 


Journals will be sent to home address unless otherwise requested 


Underline Section in which enrollment is desired: Biology, Chemistry, Elemen- 
tary Science, Elementary Mathematics, General Science, Geography, Mathematics, 


Mail this application with $5.00 (Canada $5.00, Foreign $5.50) to Central Association of Science 
and Mathematics Teachers, Inc., P.O. Box 108, Bluffton, Ohio. 


PLEASE CHECK IF YOU FORMERLY WERE A MEMBER [) 


Please Mention School Science and Mathematics when ing Advertisements 


| 
Last Name First Name 
Name of School City State 


applied for Your share of 
FEDERAL NDEA MONEY? 


Have you enriched your science courses? 
As you are aware, Federal support is avail- 
able to you under Title III NDEA. Now 
you can equip your science department in 
the way you have always wanted. 

Cenco representatives have made a 
study of the Title III program and are 
qualified to give details in your area— 
how you may apply for your share. Write 
us today—no obligation. 

To assist you further, the Cenco con- 
version list provides numbers which corre- 
spond to items in the ‘‘Purchase Guide’’* 
Send for PG-1 and for our suggestive list 
of apparatus. Specify elementary science, 
earth science, physics, chemistry or bi- 
ology. 


*Prepared by the Council of Chief State School Officers 


CENTRAL SCIENTIFIC CO. 


A Subsidiary of Cenco Instruments Corporation 
1718-L Irving Park Road «Chicago 13, Iilinois 
Mountainside, N. J. Montreal Santa Clara 
Somerville, Mass. Toronto Los Angeles 
Birmingham, Ala. Ottawa Vancouver Houston 
Serving education since 1889. Cenco $.A., Breda, The Netherlands Tulsa 


j 

— 


